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-4 Preface }- 


Educational theory and basic educational processes may be taught with 
little regard to subject-matter areas; but they are not of much direct help 
to the teacher in the classroom, where subject matter and its related materials 
are of prime importance. 

This book was originally prepared as a direct response to the many ques- 
tions and problems of teachers of biological subjects who were already in 
service as well as those still in training. 

In offering this second edition we have maintained the style and much 
of the material found to be most useful by students and teachers who have 
used the book as a text and as a handbook of information. We have added 
many new projects and suggestions, especially in conservation, ecology, 
radiobiology, and chromatography. 

Since the first edition there has been an awakening in the field of teaching, 
especially in science, and a consequent upgrading of content and methods. 
This is good in most respects, but there are some outstanding examples of 
cases where advance has gone so far that interest was diminished, rather than 
heightened, because the general student lacked sufficient prerequisites. Out- 
Standingly apt students should have special attention and opportunity; it is 
Not necessary that all participate on the same level. 

Division into Parts One and Two has been retained. Part One lends 
itself to thought-provoking reading and to special-methods classwork, while 
Part Two gives hundreds of suggestions for useful materials and how to use 
them in the classroom and laboratory. The past success of this arrangement 
leads us to believe that it accomplishes our four principal objectives: (1) 
To encourage the teachers of biological subjects to abandon the all-too- 
common method of teaching from the textbook with little use of materials. 
(2) To assist the teacher in locating, securing, or culturing living and inter- 
esting materials at little expense. (3) To suggest how these materials may 
be used in classroom demonstrations and student projects, as well as how 
simple, homemade, and inexpensive apparatus and devices may solve the 
Persistent problem of lack of equipment or funds. (4) To foster, through 
Suggestion, the use of the problem and project method in order to give to 
the student not merely biological information but also practice in using this 
information in the understanding of principles and the application of these 
Principles to his daily life. 
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The bibliography is completely new and, though not intended to be 
exhaustive, should furnish stimulating and helpful reading. Most of the 
journal references are to articles written by teachers from their own experi- 
ences. It is our sincerest hope that the new edition will be as helpful to 
future teachers as its predecessor has been to those of the past. 

Many of the suggestions offered in this book are original with the authors, 
but much of the material has been drawn from such a variety of sources 
that complete acknowledgment is impossible. However, the authors wish 
to express their appreciation especially to the following persons who, by their 
counsel, suggestions, and criticisms, have aided materially in the preparation 
of the manuscript: Dr. J. W. A. Burley, Dr. W. W. Charters, Dr. Edgar 
Dale, Dr. R. H. Davidson, Dr. F. W. Fisk, Dr. R. O. Freeland, Dr. J. G. 


David F. Miller 
Glenn W. Blaydes 
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-4 Do You Really Want to Teach School? »- 


Before going any further, answer that question honestly. If you do not feel 
a thrill of anticipation at the thought of being a teacher, don't teach. You 
Will save yourself and many youngsters a lot of grief. But if you want to 
teach, there is no higher or more satisfying profession. Don't let your need 
for a job or the public's need for teachers induce you to seek a teaching 
Position if you don't like it. Some jobs you might be justified in accepting 
temporarily out of a sense of duty or because of the personal necessity for 
being employed—but not teaching. 

The teacher who does not like teaching soon comes to dislike the subject 
matter and the students as well and is, in turn, disliked by them. A good 
teacher approaches the classroom with eagerness for the adventure, leaves 
with a feeling of satisfaction for what has been accomplished, and looks 
forward with determination to remedy any failures. Most of your waking 
hours will be spent at your job. What could be worse than spending them 
at tasks which you dislike? What could be finer than spending them on a 
Job that you love? 

It is the purpose of thi 
well as effective. 


s book to make the teaching of biology pleasant as 


'The New AIBS Biological Science 


Film Series 


A contemporary high school biology course, upgraded and updated m 
modern teaching needs and sponsored by the American Institute of ies 
Sciences. The series consists of 120 half-hour sound motion pictures pis 
able in black and white or in color) in 10 major areas of the course wit 
12 films in each area. The 10 major areas covered are as follows: 

Part I Cell Biology 

Part II Microbiology 

Part III Multicellular Plants 

Part IV — The Multicellular Animal 

Part V Reproduction, Growth, and Development 

Part VI Genetics 

Part VII Plant Diversity 

Part VIII Animal Diversity 

Part IX Ecology 

Part X Life, Time, and Change 


Write to McGRAW-HILL TEXT-FILMS for detailed information. 
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.. CLASSROOM METHODS FOR 
TEACHING BIOLOGICAL PRINCIPLES 


CHAPTER 1 


-4 Education Is for the Future &- 


The future progress of man rests upon his ability to apply the achieve- 
ments of science. This being the case, it is of utmost importance that our 
youth be thoroughly schooled in the principles of science so that they may 
Properly understand and contribute to this progress. In these future ventures 
a leading part will be played by our teachers of science. For this reason the 
teacher of the life sciences should have a clear understanding of the basis 
for his profession and a command of the facts of science as well as the ability 
to encourage and inspire the students who study under his direction. 

Primitive man needed to know two things well if he were to survive, He 
had to be able to hunt successfully in order to provide food, and he had to 
be able successfully to defend himself and his family from enemies. In these 
respects he did not differ from many other animals. He was concerned with 
Self-preservation and the preservation of his species. These fundamental 
Deeds are the basis for all education. Man has become so much of a social 
animal and his activities have grown so specialized that they obscure the fact 
that after all they are modern man's ways of maintaining himself and his 
Species, However, modern man, in addition to these activities for primitive 
Deeds, has developed mental needs that lie almost completely outside the 
realm of lower animals. These are due to the human capacity of thought. As 
a result we have the fine arts, music, literature, philosophy, religion, science, 
2nd entertainment as major activities of his intellectual life. With the advance 
9f modern science and invention the struggle for food and protection has 
been reduced to a much smaller proportion of his endeavors, with the result 
that there has arisen an increased demand for something else to satisfy the 
growing amount of time which he has for intellectual life. This rapid advance 
In his mechanical occupations has made it easy to produce more food than 
Can be consumed and more of the other necessities than can be used, and yet 
large numbers go unfed and unclothed while others seek to find ways of using 
the unoccupied portion of their time. It is this leisure time which has brought 
about the tremendous growth of professional entertainment and made of it 
9ne of the leading industries of modern times. Yet the primary concern of 
the greater portion of human beings is, and will continue to be for a long time 
to come, involved with those activities which have to do with his more physi- 
cal needs, though it is impossible to separate them entirely from the needs of 

is intellect. 

The éducation of primitive man was as simple as the unsocialized life in 
Which he lived, while the education of modern man must be of a degree of 
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complexity commensurate with the high specialization of the society in which 
he lives. In our effort to elevate the entire social level and to improve the 
standing and opportunities of each individual we have instituted a system of 
public education which has become mass education. The education of spe- 
cial groups or of a few individuals was relatively simple, but the education 
of an entire oncoming generation so that each individual might take his place 
in so complex a society has presented problems of surprising magnitude. 
The children of today will become the adults of tomorrow, and with them 
will evolve the needs of their social order and the problems arising out of the 
progress of their times. 

Education, then, must seek to permit the individual to develop to the 


fullest his capacities for adjustment to continuous change in order that 


he may meet the problems of his day and solve them successfully when they 
arise. He must be free and unham 


: pered yet steady and reliable, capable of 
cooperating for mutual good but capable of clear, independent thinking 
uns Y propaganda and emotionalism. To do this education needs 
individualization and liberation. ^ 


Society as an Ecological Situation. We need 


, extremes of tem- 
enemies, predators, parasites, 
ude of other factors confront 
y out of each of these factors 
In addition, there are the in- 
rphological and physiological 
tability all aid in determining 


Physiologically he is akin to 
the same problems of main- 
dly neighbors and enemies, 
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Science applies to other natural phenomena. The human method of attacking 
these problems is intellectual. Man tries to anticipate, to analyze, and to 
understand the cause-and-effect relationships that exist. In his more ad- 
vanced studies he inquires, observes, and experiments. He becomes scien- 
tific. To train individuals to do this effectively is one of the chief problems 
of education. 

Many of the great world problems of today are ecological problems. Our 
inability to solve them arises out of our emotional attitudes which thrust 
aside our intelligent, rational thinking. Millions go to bed hungry each night. 
It has always been so. In pity we offer them a share of our abundance, and 
the best we have offered as a solution to their ills is an attempt to teach them 
how to grow more food. But with more food their overcrowded lands only in- 
crease in population and their hunger continues to grow. Will we ever teach 
them the true causes of their predicament and allow them and ourselves to 
control populations to whatever size can be properly provided for? If we do 
not, the whole world will become as they are. The two principal objections 
raised emotionally against population control are religious dogma and the 
statement that control would be expensive. Wars, starvation, disease, and 
Pestilence are expensive too, but we indulge in them continually. 

The biotic elements of a society are its individuals. What the society is 
depends largely upon the individuals that compose it. What the individual is 
depends upon the interaction between his almost infinitely complex genetic 
elements and the equally intricate factors of their environment. Any sexually 
Produced offspring is by virtue of the random assortment of its genes both 
similar to and yet different from the organisms which produce it. In education 
these fundamental similarities have frequently been overemphasized while 
the import of the essential differences has been overlooked. Mass education 
has flourished on the foundation of similarities, while too little attention has 
been paid to individual differences in needs, abilities, interests, and methods 
of learning. 

We shall not claim that there is nothing common to the masses of students 
that are educable nor that there is no value in the effort to establish an edu- 
Cational system on such a basis. Literacy, which is so often pointed to as an 
index of a nation's progress, can be raised by such a method. The value of 
Tegimentation to a society depends, obviously, upon what level of society or 
What ideals are taken as the standards. If these standards are of such a nature 
as to be of value to a very large percentage of that society, the merit of the 
educational method is correspondingly high. At best, however, such methods 
are based upon the assumption of more uniformity within a range of society 
‘an actually exists and make but scant provision for the individual varia- 
tions within, above, and below the assumed standards. r "a ] 

The Effects of Indoctrination. Reading, writing, and arithmetic in their 
Simplest forms constitute a universal language or means of communication 
without a knowledge of which an individual is sorely at a loss in any society 
€ven if of a very primitive type. Words, letters, and numbers are symbols de- 
Signed to convey to others the ideas and concepts of the user. There is no 
reason why the letters m, a, and n combined into man should always mean a 
male individual of the genus Homo, nor why 1 and 2 equal 3. They just do by 
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common agreement and usage. They become axiomatic. In other words, hey 
need and admit of no proof or explanation. Since the use of r 
becomes practically imperative whenever even a very small number o = —-— 
beings come into contact with each other, they become increasingly impo Te 
with a more complex society even in their much more complicated forms. 

be able to use 


and understand them, therefore, is an unquestionable ne- 
cessity. 


Some other types of learning may stand in much the same ere 
relationship to man. These are the understandings that have to do m 4 
general well-being and survival of himself and his species, An individual sd 
ing entirely alone must be able to distinguish between those things in his en 

watch the goldfish swimming under 2 ft. of water in the garden pool, wo 
N6 Stempts to do the same the result may be fatal V e very young, 
5 ‘he eàge oi a High chf is attracted by a passing butterfly, he may 


attempts at breathing 
stand why the fish can 

Fortunately the ne 
Proportion of our ac 
ments, and sensations whi 


er and learner alike that it 
“thinking.” Our Citizens 
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child and because, when the child has become docile through the practice of 
these habits, the teacher finds it much the easiest way of — goce 

in his subject. Therefore the way to correct the ill alerts Ss S Manne hy, 
method early in the child's life. The earlier it is done, the greater The benelits 


derived from it. For example, a child of seven years may be taught to place 
a handkerchief over his nose and mouth when sneezing or coughing not 
to place soiled fingers or pencils in his mouth or nose. There is no denying 
that these habits would work to his good. But the same child could as readily 
be taught to carry a charm about his neck or a rabbit’s foot in his pocket. 

ow if the teacher should prepare several sterile agar plates or potato slants 


and permit the student to cough into one, scratch another, AN WY 
allow a drop of water whieh was thoii) id) N N 
a Suid Plate, while " a Tarih My hold lo tun Over a di | 
* xe would be well-devete BER E Sinis ve Ea 
ust) thc metis Memo] Md al par Gol - 
cox alo and disturbing normal functions, but it would be a begining 


toward establishing the idea of evidence and proof and t 


of the “feeling of need” for understanding. oward creating an 
Individual Variation and Intelligence Levels. We speak confidently of 
normal and of average individuals. What is an average individual? How far 
May one vary from the average and still be normal? Of course, no such 
Individual as the “normal” person really exists. The term is one comed to 
Express in words a set standard arrived at statistically. As used by most 
teachers, it has a vagueness of meaning that can hardly be described. It 
May be based upon tests for intelligence or aptitude, but to establish fixed 
Standards for these latter terms is extremely difficult. If the children in a 
Certain school, representing a given community, are tested, they may estab- 
lish their own norms. Their percentiles may be distributed on a normal 
curve. However, we note when this curve is compared with curves established 
in other communities that a “superior” individual in one group would classify 
as an "average" individual in another group. If a large number of groups is 
included in a curve, it may be made to cover a state or nation. But does the 
Position of an individual on a curve for an entire nation indicate with much 
accuracy his chances for success or the degree of normality for the region or 
Community in which he may live? To what extent have his environmental 
Influences or his physical and physiological peculiarities been instrumental 
In establishing his position? Are the standards assumed in the test equally 
valid for each group tested? As the area tested is enlarged and the variety of 
Individuals increased, the efficacy of the standards is correspondingly 
Weakened. 
From such normal curves there is ordinarily selected a middle division 
comprising approximately one-half of the total number of individuals tested. 
his establishes the normal group. On either side of this group lies approxi- 
mately one-fourth. The members of these extremes may be considered 
as supernormal and subnormal. Together they constitute the other 50 per 
Cent of those tested. By what right can the middle division of 50 per cent 
Claim 90 per cent of the time and effort of our educational endeavors? A very 
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widespread attitude of our educators is that the supernormal group is com- 
posed of near geniuses who will get along without the teacher's attention, or 
in spite of it, while the lower fourth are mostly “dumbbells” who couldn't 
profit from education anyway; so the only ones really needing attention are 
the middle group. 

Recognizing this fallacy has led some to contend that the upper quarter is 
the only place to spend educational effort since these persons are most able 
to profit from advantages given and the return to society is greatest from this 
group. In general there is much truth in this point of view, and one of the 
most valid criticisms against our standardized education has been the lack of 
attention devoted to the superior student. But when special attention has been 


given to such a group, it has usually taken the form of crowding more of the 
same mental pabulum 


interval of time. If the kind of effort required of the student is not different, 
if the same educational ideals are maintained, if no consideration for indi- 
vidual growth is recognized and the selected group does merely the same 


routine class procedure in less time or more of it in the same time, then the 
effort put forth in their 


afforded for individual 
Couragement in the pu 


are really superior in any marked de 


come as near “normal” as possible is contrary 
and as unreasonable as it is 


t 7 mprising the lower fourt 
tion," is one which j 
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the lower end of the middle group than between those in the lower end of 
the middle group and those in the upper end of the lower group. Further 
subdivision of groups tends to render any subdivision more homogeneous 
than the whole for the factors measured and increases the value of uniform 
treatment. 

In the supposedly lower levels are also some individuals who may have 
mental or physical peculiarities, but who, o.. the mere basis of mental 
capability, do not belong in this classification. Take for example the student 
Whose hearing or sight is deficient to the extent that he does not see or hear 
Clearly such things as orders or directions, especially when given from the 
front of a classroom. His reaction is almost certain to be that of waiting to 
see what someone nearby does and to follow his example. This is not dis- 
honesty, Suppose that the example followed is in error. So is the follower. 
Suppose that the example followed is very slow. The follower is of necessity 
slower. The results obtained by the handicapped individual are more of a 
measure of his affliction than a measure of his abilities. If such a condition 
Continues for long, it produces two kinds of results. First, the student fre- 
quently does poorly and his relative standing with his classmates is low, from 
which he comes to be looked upon by the teacher and classmates as in- 
Capable, causing him to lose confidence in his own ability. Second, he ac- 
quires a series of habits of following instead of forging ahead and of de- 
Pending upon others instead of upon his own ingenuity. The feeling of in- 
feriority and the habits of following destroy his self-confidence and self- 
respect, and he is likely to continue as an “inferior” individual. His classifica- 
tion is fundamentally wrong, but he tends to remain where he is placed and 
1s accepted and treated on this level. As time goes on and habits become more 
fixed, he tends to grow into rather than out of his classification. If his physical 

andicaps are later discovered and steps taken to remedy them, it does not 
follow that he will immediately assume a position commensurate with his 
native abilities, for he has established habits of behavior and emotion as well 
as attitudes which operate strongly to keep him upon the level to which he 
has become accustomed. Nor is this confined to the classroom. It is manifest 
In his play, where he will no longer engage in sports in which he cannot 
excel and in which he is constantly demonstrating his “inferiority.” It spreads 
to his home and other social relations in like manner. It takes a period of re- 
training for establishing new attitudes based upon a feeling of confidence and 
à demonstration of the rediscovery of his latent abilities. 

True it is that the percentage of such handicapped individuals in a group 
Of "inferiors" is small, but it shows, nevertheless, the inadequacy of such 
measurements when their use is made general and when mass education 
makes difficult the amount of individual attention that each student deserves. 
This is no plea for the mentally incapable nor an attempt to emotionalize 
In their behalf, but is intended to call attention to a grievous error that so 
often arises out of a misapplication of group standards devoid of individu- 
alization, 

. Regardless of the degree of ability or lack of ability possessed by an indi- 
vidual, each child in school, each man and woman, needs to discover what- 
Ever abilities he or she may possess and to have the opportunity to develop 
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and use those abilities for personal and social good. He nceds the feeling of 
self-confidence and security which comes with accomplishment. He must 
know that he can contribute something to a program and that there is an 
appreciation of his contribution, however small. Without this feeling emo- 
tional states are engendered that unfit him for desirable development and for 
fulfilling his proper place in life. , 

Freedom of Choice and Individual Development. Complete individualiza- 
tion for mass education is physically impossible and economically and socially 
unsound. What, then, can be done to permit each individual to attain the 
highest level of which he is capable and to acquire from society and to 
return to society the most that he can? 

Society is evolving or is in a state of constant flux. Can we by teaching the 
rapidly accumulating store of factual knowledge continue to equip each youth 
with all necessary knowledge for his years of life? Learning has long since 
passed such bounds. Can we by intensively specializing produce an assort- 
ment of specialists who will be able to coordinate their activities into a unified 
program of efficiency and happiness? This has been done with considerable 


success but has many fallacies as well as limitations. Too high a degree of 
specialization usually results in lack of understanding and sympathy and 
makes for disrespect 


I and unhappiness. F urthermore, some fields of specializa- 
tion offer opportunities whereby those individuals may take advantage of the 
rest. This is difficult to eliminate, but specialization alone rather aggravates 
than alleviates the difficulty. What procedure, then, offers some means of 
fitting the individual best to adjust himself to the changing needs of an 
evolving society? What procedure will yield most to the largest number in à 
Society that is committed to the ideal of mass education and yet is sincere in 
its commitment to the rewards of individual endeavor and enterprise? 

_A program should allow for individual differences and make possible indi- 
pus growth and development with free choice and specialization. But 
ram of choice and individual growth are factors which in themselves call 
"a s Ps educational procedure that has not been frequently met with 
ilea adem s for keen understanding and 
in our new era of education. 


must be accomplishe: 
successfully. The me 
t matter of science—they apply everywhere. The teachers of sciences 

owever, stand at a ge for beginning the transition 
away from traditional ; 


education toward scientific thinking as a primary ai 
and educational objective. à 2 » 
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Science and scientific thinking have been the key to modern progress in all 
lines of human endeavor. Science still will be the key to our progress in future 
generations, but out of it there will arise a new philosophy which will itself 
be scientific. A new education is imperative, and the new education must be 
scientific. This does not mean that it must merely impart the new discoveries 
of science; it means that education itself must become scientific. We shall de- 
mand a new and scientific psychology to supplant the introspective, emotional, 
and prejudicial methods of earlier efforts. This is already well under way. We 
shall know more of the genetics of human beings as well as of plants and 
£uinea pigs and domestic stock. We shall understand the principles and pos- 
sibilities of eugenics as well as of environment and social organization. We 
shall know more of physiological processes and more of the value of foods, 
chemicals, drugs, and internal secretions as they apply to and modify our 
understanding of students, of fellow members of society, and of educational 
methods. We shall substitute understanding for mere learning, proof for in- 
doctrination, and reasoning for dogma and emotionalism. 


PROBLEMS 


1. Prepare for presentation and class discussion a group of fundamental under- 
standings from biology which you consider that a child should learn during the first 
10 years in school. 

2. Make a collection of common beliefs which are unscientific and which cannot 
be proved. Estimate how many of these are of a biological character and might be 
corrected by the proper training in biology in early years of school. 

3. Explain what is meant by indoctrination in education and give several illus- 
trations. 

4. What is meant by LQ.? Show how it is obtained. How may it be of special 
value to the teacher? 

5. What is meant by a normal distribution? How is it shown graphically? Explain 
median and mean. How are these useful in testing and grading? 

_ §. Look up the following article, prepare a resume and discuss its contents in the 
light of man's educational needs: Julian Huxley, “World Population," Scientific 
American, vol. 194, no. 3, March, 1956. 


CHAPTER 2 
-4 The Objectives of Teaching &- 


The objectives of good teaching in biological subjects are essentially the 
objectives of the teaching of all subject matter. These objectives have been 
stated by various writers in many different terms. Some prefer to divide them 
into numerous statements, others to condense them. In general it seems most 
fitting here that we condense, at least at first. We believe that practically all 
objectives, regardless of their number, may be grouped into four eaten 
These, stated in general terms, furnish the background of our educationa 
philosophy as applied to biology teaching. First among these objectives 15 
the acquisition of information. This implies primarily the exercise of mem- 
ory. Facts are derived from whatever sources available such as reading, lec- 
tures, and observation. It implies little more than the ability of retention an! 
recall. Second, the development of methods of thinking. This necessitates the 
acquisition of information since facts are the materials without which reflec- 
tive thinking cannot be accomplished. However, it is vastly different from 
the learning of facts. The learning of facts gives knowledge, but the practice 
of reflective thinking gives understanding. Third, the induction and applica- 
tion of principles. With the accumulation of a store of factual knowledge 1n 
a field of learning and with the development of the ability to think clearly 
and scientifically with this store, one goes far beyond the plane of recall, 
makes generalizations, and should be able to apply these to new situations. 
Fourth, the formation of attitudes. 'The individual who has learned sufficient 
facts, learned to handle these facts in scientific thinking, and developed the 
ability to generalize with his thinking to the extent that he makes constant 
use of these accomplishments in meeting the personal and social problems 9 
his daily life must have established attitudes of inestimable value to success" 
ful living. These statements are in themselves so general as to lack clarity; 
and for this reason each will be discussed more fully, with illustrations. How 
they may be made to function in direct relation to biology teaching will 
appear at appropriate places throughout the discussions. 

The Acquisition of Information. This was at one time the very essence of 
education. Tt still is in all too many instances. To have a tremendous gra5P 
of facts was and still is looked upon as an indication of great learning. How 
often does the physician, the lawyer, the professor, weave a spell of awe 
over the layman by his easy flow of technical terminology or his reiteratioD 
of professionally well-known facts? The student who remembers best the 
most sentences from his text or repeats the most statements made by the 
teacher is likely to be declared the smartest or best in his class. 
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The old-fashioned deacon who could quote the largest number of Bible 
verses was looked upon by the congregation as “well learned in scripture.” 
The boy who knew what events took place upon the longest list of dates was 
an outstanding history scholar, and the little girl who spelled down everyone 
else at the bee was one of the smartest girls in school. Did the deacon under- 
stand the full meaning of his verses, and were they exemplified by his daily 
living? Did the agonized deaths of thousands of young men upon the field of 
battle hundreds of years ago do anything really to benefit mankind? Were 
the events which brought about their sacrifice avoidable or justified? Did the 
course of civilization following the signing of a document affect in any way 
the status of political and social well-being of people today? Is there any- 
thing in the knowledge of dates and events that can aid the present genera- 
tion in solving more surely the problems with which it is confronted? Did the 


Too often the answers to these questions were given scant consideration, 
for was not each a champion in his field like the athlete who made the most 
touchdowns or ran the fastest mile or swam the swiftest course? Was not the 
learning an end in itself? Some may well contend that such was true in the 
past but that education has long since passed such a stage. Frequent visits 
into classrooms and repeated examination of textbooks disclose the fact that 
there is still a wide gap between the ideals of educational theory and the 
practical execution of these ideals in the school. Professional educators have 
been known to condemn as stupid the teachers who are unable to put into 
operation the philosophy which they so freely declaim, while the teachers in 
turn brand as “impractical theory” this same philosophy. 

_ Despite all criticism the acquisition of information must remain a primary 
aim of all education, There is no denying that knowledge of facts is the 
foundation of understanding, the material with which habits of thinking and 
attitude are built, the substances from which principles are induced. That 
which is untenable, therefore, is the allowing of this objective to be the 
dominant, almost the sole objective. 

Granting, then, that the student must learn facts but not merely for facts’ 
sake alone, what must be done with this information? If the facts are learned 
in an encyclopedic fashion, it matters little what facts are learned. The stu- 
dent sometimes embarrasses the teacher with the question “Why must I 
Study this subject?” or “Is it important to remember these particular facts?” 
This situation points to the necessity for the proper objectives and to the 

pencerian query *What knowledge is of most worth?" 'That knowledge is 
of most worth which will function in the most significant manner in render- 
ing the student individually and socially efficient. This necessitates a choice 
s knowledge and the ability to distinguish between fact and mere informa- 

on. 

Scientific Method of Thinking. A phrase that has become widely used in 
education is that teaching should follow “the scientific method.” Many, how- 
ever, do not fully realize the significance of this expression at least to the 
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point where it can be successfully applied to a method of teaching. The 
attempt to apply the scientific method to education involves a number o 
steps. One must first decide what elements of the scientific. method can be 
made of specific pedagogic value. After this has been done, it is necessary to 
modify the curriculum so as to permit the free application of these elements 
in the attack upon subject matter. The scientific method involves: 


1. The appreciation of the existence of a problem and a desire to solve it 

2. The accumulation of facts and data which are pertinent to the problem p 

3. The formation of hypotheses as partial explanations, their testing, and their 
acceptance or rejection 


4. Logical interpretation of data with an unwillingness to accept as proved any 
conclusion not supported by adequate valid evidence R 

The use of these steps means that the individual first recognizes the exist- 
ence of a problem to be solved and sets about to solve it. He next establishes 
all available facts concerning the problem, which involves the a 
of data. On the basis of these facts he constructs hypotheses which are logica 
explanations of the parts of the original problem. These hypotheses he must 
clearly recognize as tentative and must not confuse them with proved conclu- 
sions. He then tests his hypotheses by experimentation and further accumula- 
tion of evidence to establish their degree of adequacy. If a given hypothesis 1$ 
supported by sufficient evidence, it may be accepted as a conclusion and as 4 
step in the solution of the problem. 

What constitutes validity is also an important point in scientific procedure. 
Any number of analogies is not proof, though frequently believed to be so 
Experimentation with repetitions and control are often essential. The pu 
lem should be analyzed by breaking it down into its parts for the sake 0 
simplicity. The final step is a synthesis and integration of these parts into 2 
whole. The student must at all times distinguish clearly between those points 
which are definitely proved, those which are definitely disproved, and those 
which are neither proved nor disproved. This latter consideration is so fre- 
quently overlooked. 

To be of true worth educationally the Írequent use of the scientific method 
must produce in the mind of the student an attitude toward all problems © 
life which demands that claims be proved, that facts take precedence over 
prejudices and desires, and that such sources as “they say" and “I see by the 
paper” cease to be regarded as sufficiently authoritative. In short, the fruits 
of scientific method are scientific thinking and attitudes in the processes © 
daily life. 

Perhaps the most universal exhortation of teachers to students has always 
been, “Now think!” Check any conversation you may chance to overhear 
and notice how many sentences begin with “I think.” What does one really 
do when he says he thinks? The teacher usually means “recall” for she 15 
probably asking the student to repeat what was included in an assignment: 
What the adult usually means by “I think" is “I feel,” for what he is doing J5 
emotionalizing and taking stock of his prejudices to determine his attitude 
Scientific thinking is the antithesis of this. 

All the foregoing may be technical and abstract. What the teacher wants 
is a concrete example of how such a method may be made to apply to the 
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teaching of subject matter. There is no need for any one procedure to be 
called the scientific method. Any method which embodies all the above- 
mentioned elements is bound to be scientific. However, for purposes of illus- 
tration we offer the following outline and explanation presented according 
to one use of the scientific method. 

A skillful teacher once prepared a demonstration for use in his biology 
class. It consisted of a 5-gal. bottle, or carboy, slightly more than half full 
of water. In the bottom was 2 in. of sand in which were anchored a few 
aquatic plants. Floating in the water was a small amount of a filamentous 
alga. On the sides of the bottle were several small water snails, and swimming 
about among the plants was a small goldfish. A cork had been pressed tightly 
into the neck and covered with a heavy layer of melted paraffin. Such an 
aquarium is most generally known as a “microcosm.” 

This microcosm was placed in the schoolroom without comment. It 
aroused much interest and discussion among the members of the class. Some 
of the students approached the teacher with questions. These the teacher 
did not answer but at the same time further stirred their curiosity by a few 
questions of his own, taking great care not to stifle any enthusiasm. Soon the 
entire class was examining the demonstration and waxing argumentative 
with questions and solutions. Some were laying wagers as to whether the fish 
would still be alive on the following day. 

The teacher made note of most of their questions but answered none. The 
news spread and other students came in between class periods to see the 
curiosity. Two days passed before the teacher decided that the interest had 
reached its peak and that further delay would be ill advised. One student, 
assuming somewhat the role of class spokesman, almost demanded, “When 
are you going to tell us how that fish can live sealed up in a bottle?” The 
teacher surveyed the class and noted the almost universal expression of inter- 
rogation on their faces. 

“T have written down most of your questions during the past two days,” 
he replied, “and I find that you have asked nearly all the most important 
and most interesting questions about life and living things. It might take 
some time to get the answers to all of them, but there are a number of 
extremely interesting experiments which we might perform to prove and test 
our solutions and I’d be glad to help if enough of you want to work on 
them.” There were ample signs of approval, but for psychological reasons a 
vote was taken and the class voted overwhelmingly in favor of undertaking 
the project. Two boys refused to vote since they had decided before they 
entered the class that they were not going to like biology anyhow. We shall 
see what happened to them later. 

The teacher now consulted his list of questions and wrote a number of 
them on a part of the blackboard where they could be left for some time. 
Some of the questions were: How long can the fish live sealed in the bottle? 
How does the fish get more air over a period of time? Why doesn’t the fish 
starve? Does the fish eat the snails? What happens to all the carbon dioxide 
which the animals produce? Do plants need air to keep alive? Will the water 
become foul if not changed? Is air necessary for water forms of life, or do they 
Just breathe water? These and other questions made up the list. 
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For the teacher this point marked the end of the first problem-setting 
period. That the students had recognized the existence of a problem, or 
problems, was self-evident, and that they were ready and willing to procced 
toward a solution was obvious. This, therefore, marks our first step in the use 
of the scientific method applied to a teaching situation. 

When asked which question they wished to answer first the class, with a 
view toward finality, immediately chose, *How can the fish live sealed in the 
bottle?" This, of course, had the substance of all the other questions in it and 
was a fortunate choice pedagogically. The teacher countered by asking what 
a fish did to maintain itself when not sealed in a bottle. The suggestions 
offered by the class, which were in reality an analysis of the problem, 1m* 
cluded such statements as that it breathed, ate food, got rid of wastes, 
avoided enemies, and avoided very unfavorable conditions of its environment. 
As each suggestion was made it was either accepted or rejected by the class 
and, if accepted, carefully recorded by the teacher, who then proposed that 
they decide what would be necessary for the organisms if they were to 
maintain themselves indefinitely in a sealed bottle. This was an easy step, an 
the students saw that if all the conditions of life which they had propose 
were satisfactorily met in a bottle the fish might be expected to live. The 
students then went to some of their more specific questions such as, “How 
can the fish continue to breathe?" and “What happens to all the carbon 
dioxide produced?” Several students wanted to propose answers as to how 
these were accomplished. Some of the proposals went unquestioned, while 
others were vigorously opposed. These proposals were finally written down 
on paper and collected by the teacher who had several students group them 
according to the problems which they purported to solve. This was the next 
step in the scientific method, that of proposing hypotheses. 

Up to this point there had been developed a common interest in a gener al 
problem. It was now deemed advisable to break up the work into parts which 
would provide for individual differences both in interests and abilities an 
allow for a cooperative contracting and socialization. Following their own 
interests, they chose to work in one of several fields, as with problems con" 
cerned with breathing and respiration, or problems concerned with pollu- 
tion, or problems concerned with foods and feeding, and so on. It migbt hs 
stated here that in large classes and for a teacher having four or five classes 
F might become a necessity to limit the work to one general problem at a 
ime. 

Using the statements (hypotheses) suggested by the members of the class 
the teacher prepared lists which were duplicated and a copy was given i 
each student working in that particular area. For the sake of brevity we 
include here but one list as an example. It should be stated that slight 
alteration of wording was made by the teacher in a few of the statements t° 


ensure clarity of meaning. 
The Maintenance of a Fish in a Microcosm 
Breathing and Respiration 


1. The fish will soon use all the available oxygen and then die. 
2. The fish will continue to live indefinitely. 
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3. Fish breathe water and do not need a renewed oxygen supply. 

4. Only air-breathing animals use oxygen. 

5. Plants produce oxygen in order that the fish may have a constant supply. 

6. There is a very slow passage of air through the glass of the bottle which is 


sufficient to replace that used by the fish. 
7. Minerals in the sand dissolve in the water, giving off oxygen to the air and 
water. 
8. Bacteria on the plants and in the water produce oxygen sufficient for the fish. 
9. Plants use carbon which they obtain from the carbon dioxide, leaving free 
oxygen. 
10. Sunlight acting on water forms oxygen. 
11. Water is H3O, and a fish can get the oxygen from the water. 


On the tenth day the fish was dead, and the following hypotheses were 
added: 


12. There was enough oxygen to last the fish for 10 days only. 
13. There was plenty of oxygen but the fish died from other causes. 


Other similar lists were made up for the other topics, and a copy of all 
the statements made was given to each student for study with the direc- 
tions that he consider each statement on its merit and then mark it by 
placing one of the following letters before the number: P — proved, 
D = disproved, or N = neither proved nor disproved for the time being. 
The lists were given to the students to be studied and worked over, and a 
general class or group discussion followed in which an individual read a 
statement and told whether he had marked it P, D, or N and gave his 
reasons for so doing. 

At first there was some reticence at contradiction, and the teacher found 
it necessary to supply a pertinent question here and there, but soon it was 
necessary to guard against overenthusiasm in support of one's answer. The 
students, however, quickly learned to respect the decisions of each other 
but to demand proof instead of opinion, hearsay, or prejudice. Most im- 
portant of all, perhaps, was the acquiring of the attitude that, without 
definite proof one way or the other, a statement was not necessarily true nor 
Was it necessarily untrue and that the fact that one could not disprove a 
statement did not of necessity mean that it was true. 

E Statement 1 was soon disposed of with a D since on the day of the discus- 
sion the fish had already lived 8 days. Of course the word "soon" had to be 
defined. Statement 2 was marked N with the necessity for further observa- 
tion. Statement 3 was marked N after considerable argument, and two boys 
elected to devise a demonstration which would disprove the statement. 

. This was done in the following manner: Three pint and three quart fruit 
Jars with self-sealing lids were procured and 1 pt. of water was added to 
each jar. In the water of each jar were placed two small goldfish. The jars 
were then all sealed tightly and set on a table. This was done early in the 
morning, and by 3 p.m. the pint jars contained four dead fish and two which 
were apparently nearly suffocated. The three quart jars, with an atmosphere 
of 1 pt. of air above water, contained six fish which seemed to be in a normal 
Condition. Two of these quart jars were kept closed and the third was 
Opened, and all were left until the following day. At that time all the fish 
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in the closed jars were dead while those in the one which had been left 
open were alive. The class accepted this experiment as sufficient evidence 
that air is a vital factor in respiration of fish and that fish do not breathe 
water alone. 

The group also decided to mark statement 4 with an N pending the out- 
come of the experiment for statement 3, since this same experiment might be 
sufficient to decide statement 4 as well as statement 3. Statement 5 was made 
to serve as an illustration of bad thinking. The first part of the statement was 
checked by a student testing for oxygen release from a piece of clodea in a 
test tube of water inverted in a glass of water and placed in direct sunlight 
for several hours. This was repeated for several kinds of plants and accepted 
as adequate proof that many aquatic plants release oxygen. Some discussion 
ensued before a student pointed out that since the plants released oxygen in 
sunlight regardless of the presence or absence of the animals, it was not 
justifiable to attribute purpose to natural phenomena and to say that the 
plants gave oxygen so that the fish might have a constant supply. Another 
student went still further and showed experimentally that plants did not 
release oxygen in the dark even when the animals were present; so the class 
decided that the purposive part of the statement must be marked D. 

The remaining statements were each attacked in turn and ultimately 
disposed of. In some cases references to literature and scientific papers were 
made and specialists were consulted, but as far as possible they resorted to 
their own firsthand experimentation and observation. In every case eac 
student kept an account of all tests and experiments done and the results 
obtained. At the end a summary and conclusion were agreed upon. Thus 
the group had tested and accepted or rcjected each hypothesis proposed. In 
the experimentation they devised methods and simple apparatus and col- 
lected and interpreted data. Whether information, analogies, and facts which 
were offered in the testing of hypotheses were sufficiently pertinent to be con 
sidered valid evidence was a question that had to be decided frequently. 
Reliability of sources was often questioned, and the members of the groups 
became extremely cautious in the carrying out of experiments and in the 
accuracy of their statements. The other major problems of foods and pollu- 
tion were handled in like manner and the results made available to 27 
Thus much of the subject matter usually included in a general biology course 
was covered. Information was gained in a very convincing manner withou 
the sheer necessity of memorization. Many generalizations were made from 
the conclusions drawn, and constant drill in a scientific method of thinking 
was provided. Interest was seldom lacking, and the continuous use of the 
scientific method produced an attitude which had far-reaching effects upon 
the daily life of the student. 

The two boys who had decided before entering the class that they would 
not like biology saw a way out one day when some crayfish were needed, 
and they offered to go to the creek and fetch them. They returned even 
earlier than they had expected and brought four crayfish, a frog, and one 
hellgrammite, or dobson-fly larva. Evidently an argument had arisen over 
the latter as to whether it was rightly called a hellgrammite and as to whether 
it was the larva of an insect or a centipede. One boy decided to go to 4 bait 
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store for proof, and the other wanted to see if it could live without oxygen. 
The net result was that their attempt to get out of the classwork was the 
thing which brought them unwittingly into it. 

The Induction and Application of Principles. Without a knowledge of 
facts in sufficient numbers there can be no generalizations of an intelligent 
character. One might memorize generalizations made by another, but one 
cannot have an understanding of them and one cannot make these general- 
izations oneself without a sufficient knowledge of the component elements, 
scientific facts. 

Nor is the mere acquisition of these factual elements alone a guarantee 
that generalizations can be drawn from them. Much training in thought 
Processes is essential to, though perhaps no guarantee of, the satisfactory 
induction of such generalizations as might be looked upon as principles. 
Principles are scientific truths of wide application. How wide the applica- 
tion has to be before it becomes a principle is a matter to be arbitrarily 
dcfined and is a difficult thing to do since there are of necessity all intergrades 


` from simple isolated facts to universal generalizations. For example, one 


might, after study, decide that a certain species of insect produced specialized 
cells which after fusion produce a new individual like the original ones. This 
is primarily fact. One might, after study of many other species of insects, 
decide that each of these species produces new individuals in a similar 
fashion. This would be little more than enlarging the scope of factual knowl- 
edge in this ficld. But if one were to continue the study to include many 
species of both the plant and animal kingdoms and to decide that most 
Plants and animals produce specialized cells (germ cells) that unite in the 
Production of new individuals, it becomes a generalization which might be 
looked upon as the principle of sexual reproduction. One might go further, 
as Weismann did, and say that individuals produce germ cells which are 
living parts of the body and which continue the stream of life from genera- 
tion to generation in an unbroken chain while the somatic cells, or body 
Cells, die, and thus he would state what is known as the principle of the 
continuity of the germ plasm. 

, The question may then be asked, “What has the induction of generaliza- 
tions and principles, as used by great scientists in advanced research, to do 
with the teaching of elementary science?" The answer is “Much.” It is a 
matter of observation as weli as a matter of actual measurement that there 
15 but relatively slight retention of factual learning and of the meaning of 
Words but that there is a very considerable retention of knowledge of 
generalizations and of the ability to apply these generalizations to concrete 
examples. Furthermore, the methods of great scientists in research are a 
Valuable goal of practical importance to the layman in establishing his think- 
Ing procedure and his attitudes toward the intelligent fulfillment of his posi- 
Hon ina highly propagandized society. 

For example, it may be important to the student in his personal and his 
Social behavior to realize thoroughly that common colds are produced by 
acteria or viruses that are distributed from infected to noninfected individ- 
uals and that getting one's feet wet or sitting in a draft will not produce 
the condition if the causative organisms are not present. An intelligent 
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application of the principle of cause of infection by contamination is worth 
infinitely more than the memorization of the name cf a particular organism 
that causes a particular disease. 

That the common housefly may spread typhoid germs may be a biological 
fact sufficient to justify a swat-the-fly campaign, but it sinks into insignifi- 
cance when the student is made thoroughly conscious of the fact that for 
every thousand flies swatted many millions are breeding in manure piles, 
privy vaults, and garbage cans, and that one case of improper sewage dis- 
posal or inadequate filtration of a water supply will offset a thousandfold 
the possible good from a whole summer of swatting thc fly. . 

The biology of the classroom begins really to function in the student's life 
when he is first able to generalize effectively on the basis of learned facts and 
to apply these generalizations to the conduct of his daily activities. This he 
will do only when practice and understanding have produced in him an atti- 
tude that is thoroughly scientific, causing him to think clearly, to see 
cause-and-effect relationships and to demand reasonable proof for the state- 
ments, claims, and attitudes of others. : 

Attitudes. Tust as the ability to think and, in so doing, to use the scientific 
method depends upon a knowledge of facts with which the thinking is done 
and just as the drawing of inferences, the making of generalizations, and the 
induction and application of principles depend largely upon the ability to 
think logically and scientifically, so the formation of attitudes is the result 
of the correlation of all these. ; 

An attitude is a condition of mind involving imagination and emotional 
states which are the result of. previous experiences. Attitudes condition be- 
havior, establishing patterns of conduct. Attitudes are ethics. Thus education 
for attitudes becomes of paramount importance. We must not, howevers 
overlook the indisputable fact that each individual has a genetic composition 
that, for him, is unalterable. Like seeds they may be exposed to variations © 
soil, sunlight, and moisture that may greatly modify the appearance; struc 
ture, and usefulness of the growing plant, but only within the limits which 
were predetermined at the time of fertilization. So the students whose rd 
we attempt to modify are capable of modification only within well-defint* 
limits. The genetic compositions of the members of a class are all differer ^ 
and to expose them all to similar experiences and expect identical res" 
is fruitless. Recognizing, then, that all persons will not profit equally é 
their participation in similar experiences, we may yet find that there 2 
sufficient fundamental similarities among normal individuals to make e" 
cation for attitudes a successful venture. -o fo 

Some such objectives as are indicated by the expression “education e 
social efficiency? have long been a part of the philosophies of profession? 
educators. Emphasis has been placed in varying degrees upon the importa" | 
of society as the unit. In so many instances the importance of the individu, 
as an independent entity has been lost from sight. Society has been loo ost 
upon as a more or less fixed organic whole, possessing unaltering, alm 
unalterable, qualities and characteristics. Into its intricate pattern , x 
individual must be made to fit. Mass education with its highly formali? 
curricula is well suited to this philosophy. Religions in nearly all forms gre? 
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encourage the error by their emphasis upon the unalterable and permanent 
character of their doctrines. They depend upon deity for the authority so 
necessary to their precepts, and since deity cannot be wrong it cannot change. 

There must be some stability in any successful social order, but fixity 
should not be mistaken for stability. One must not fail to recognize that a 
society is but a group of individuals each of which contributes in some meas- 
ure, however small, to the characteristics of that society. Then if those 
individuals are not even genetically alike, if the social composition changes, 
if immigration and emigration are going on, if through its own activities and 
through the activities inherent in the rest of nature the environment is con- 
stantly varying, how can one rightfully look upon any social order except 
in the light of an evolution and constant change? Education, therefore, based 
upon the tenet of fixation and upon the immutability of ideals can produce 
little more than stagnation and ultimate degeneration. 

The present age is an age of science. Science is progressive. Progress means 
change. Science touches the life of every individual in society at every turn. 
Fields that are not scientific and fields that are deliberately unscientific are 
endeavoring to capitalize on the prestige of science and use clever, and some- 
times not so clever, pseudoscientific language, imitations, and arguments. 
How, then, can the layman who is not a scientist recognize true worth or 
meaning in the kaleidoscopic offerings of an over-propagandized social life? 

Ordinarily we create the conditions to which our students react during 
the few hours while they are within the walls of our classrooms. But to what 
are they reacting during the much greater part of their lives while not in 
school? What are we giving them that will be of value in meeting the chal- 
lenges of their environments during that time? On the way home from school 
the adolescent girl, who has recently become sensitive to what can be accom- 
Plished by feminine charm, stops to look at a display in the drugstore 
window. An exceedingly attractive picture of a well-known actress occupies 
the place of prominence. With the picture is written a statement that she 
uses a particular brand of cosmetic or toilet preparation, and it bears her 
Signature. The clever advertising manager has appended a statement of his 
own to the effect that the beauty and charm of many actresses are the result 
of using his company’s product. Thus, a direct appeal is made to one of the 
Most powerful instincts of young womanhood. 

A young boy arrives at home after school, turns on the radio or television 
to listen to a wild story of the exciting adventures of an imaginary character 
of his own age. While his imagination is still tingling with admiration for the 
exploits of the fictitious hero, the announcer reads an exhortation to the 
nation’s youth to drink a certain preparation three times per day if they 
would become like the hero in every respect. Young people open the pages of 
the daily newspapers and popular magazines and are regularly greeted with 
Pictures of a nationally known athlete or famous coach, giving the impres- 
Sion that he is smoking a particular brand of cigarette or eating a dish of 
Some brand of food. The picture is accompanied by a meaningless but mis- 
leading signed statement presuming to show that this food builds strong 
odies and should be eaten by young boys. 
any of the headlines and half the editorials in newspapers are designed 
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deliberately to fashion the attitudes and build up the prejudices of the 
readers. Regular campaigns for raising funds for this and that are so con- 
ducted as to play upon the emotions, with little or no regard for proved facts. 
Individuals, political parties, business concerns, and the governments of 
states and nation make use of the method. Hate, fear, greed, love, admira- 
tion, sex, all the emotions are being constantly assaulted from all sides. How 
shall the growing children of today find their way through this intricate 
maze? Science is freely parasitized. Each advertisement and speech quom 
freely such phrases of science as most nearly suit its needs. There are always 
such statements as "science has proved," or *a great scientist has discovered, 
or “Dr. So and So says,” and there is the ever-present picture of the be- 
whiskered gentleman in a white coat peering through a microscope at some 
mystery too obscure to understand, but impressive enough to convince the 
lay mind of the virtues of the advertised product. 

What shall be done? Articles have been written and books published to 
expose the perfidy of the modern propagandist. To create a widesprea 
attitude of skepticism is not sufficient. Attitudes, however, if combine 
with habits of thinking may do more than anything else to help thc citizen 
of tomorrow steer a safe and sane course through the problems that confront 
him and the society in which he lives. He spends most of his life making 
decisions. From the time he decides what kind of tooth paste he should p^ 
on his teeth in the morning until he decides which make of mattress 
should slecp on at night, he is confronted with the necessity for chgosmg 
Not everything that confronts him is false. He is not always being led o 
coerced. His problem, then, is to be able to select and decide correctly. - 

If there is any one thing that the study of science should do for ws 
student it is to produce a scientific attitude toward all problems that arise 1 
his daily life. Facts, if not used, may be forgotten, but the establishment 9 
an attitude which impels an individual to look at each problematic situatio. 
in an analytical fashion, to attack it in a scientific manner, to demand proo 
in the forra of adequate facts results in a habit of thinking which can he 
will be used regularly by the individual in making the innumerable adjus 
ments that are necessitated by a constantly changing society. The 

Some Desirable Understandings Derived from the Study of Biology- 
understandings might be summarized in the following statements: 


1. The only known source of life is from living substance. 
2. The unit of living substance is the cell. " 
3. The basic process in the formation of living substance is photosynthesis. an 
4. Life processes are chemical reactions involving interchanges of materials 
energy. qa wit 
5. Life processes are essentially the same regardless of the organism 1n 
they occur. J ffect 
6. Diseases and disorders are the result of interference by factors which 2 
these processes. 
7. Vitamins, enzymes, and endocrines are regulators of these processes. " ned 
8. Immunization and correction of diseases and disorders often may be ob 
through the proper use of antitoxins, vaccines, drugs, and foods. 


ins 
9. Much of the commercial advertising of foods, antiseptics, drugs, 


vitam 
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and other preparations is not supported by scientific data and is often deliberately 
false, misleading, and sometimes detrimental. 

10. Sufficient familiarity with facts combined with scientific thinking is a safe- 
guard against such imposition and is useful in solving everyday problems. 

11. Reasonable understanding of natural phenomena is a source of satisfaction 
and a means of fuller living. 

12. The most fundamental industries of man are based directly upon plant and 
animal life. 

13. Living things have descended through time with wide variation in form of 
expression. 

14. Variation in the expression of life through time is a function of the genetic 
composition of the individual and the environment in which it develops. 

15. Improvement of domestic animals and cultivated plants can be brought about 
most rapidly and most efficiently through the understanding and application of the 
Principles and laws of genetics. 

16. These same principles and laws are applicable to man. 

17. Social problems arc essentially biological problems and should be solved as 
such without resorting to emotionalism. 

18. Science is ready to modify its generalizations in the light of new evidences. 


PROBLEMS 


1. Prepare a brief but careful explanation of the following terms as they apply to 
scientific thinking: hypothesis, validity, adequacy, conclusion. 

2. Using the illustration given in this chapter, or any similar examples, prepare 
a short plan for a unit in biology with the subject matter arranged according to a 
Scientific approach. 

3. Work out a set of about 10 biological principles which you think should be 

understood by the members of a class in general biology by the time the course is 
completed. 
: 4. What are some of the attitudes that you would hope to develop in the students 
in a class of high school biology which should have some social value in their every- 
day life? Connect these attitudes with certain parts of the subject matter and certain 
methods which you think should help to produce them. 
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CHAPTER 3 


-4 Should a Course Conform to a Type *- 


The teacher who is about to start upon his career may expect his super- 
visor to tell him just what items of subject matter he should include in his 
Course, the proper sequence, and how it should be taught. What he seeks, 
however, is seldom given. He is disappointed. All through his education he 
has been taught to rely upon the authority of books, the authority of 
teachers, Sometimes he has been told bluntly that he is either right or wrong. 
Now he seeks assurance in that authority, and it fails him. Perhaps the 
student is not yet aware of the fact that there is no such thing as one correct 
Course which should be given under all circumstances. 

No matter how thoroughly a teacher is grounded in subject matter, he is 
well aware of the feeling of insecurity that attends his first attempts at pre- 
senting a course to his classes. Time and repetition should dispel this sense 
of insecurity. Sometimes this is done so thoroughly that the teacher loses 
sight of the fact that with the beginning of each new term the work is just as 
unfamiliar to the student as it was the first time it was taught and that the 
student continues to experience the feeling of insecurity incident to treading 
upon new ground. Teachers who at first are greatly concerned about the 
choice and amount of subject matter and about methods of presentation 
may lose this concern and become completely satisfied with their choices and 
their technics. This is one of the surest signs of “growing old” professionally. 
It has little to do with years of age, for as we look about we see teachers who 
are actually old in years but who have kept mentally young. They have not 
Settled down to a thoroughly routined procedure in their teaching but have 
Tetained much of the buoyancy and sensitivity that was inherent in those 
early years of their experience when they were prompted by this feeling of 
Msecurity to be on the lookout for new ideas, new methods, and new applica- 
tions of the subject matter which they taught. 

j A discussion of methodology, because of the scope of the subject, might 
involve a large number of topics. In this chapter, however, we shall limit it 
to the following problems: 

1. The amount of subject matter to be covered in a course 

2. The kind of subject matter to be covered in a course 

4. Factors determining the kind of subject matter 
b. Factors complicating the choice of subject matter 
3. The tabulation of courses according to fundamental types 
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THE AMOUNT OF SUBJECT MATTER 


The Text as a Criterion. How should the teacher determine the pmi 
subject matter to be included in a course? Experienced Len rens Sach 
quently to have settled this question or to have had it settle s - and the 
criteria as the content of the textbook, the experience of the sraon ‘ine dedil 
student's needs are used. The most widely used criterion for making chat the 
sion seems to be the size of the text selected. It is a general rule TU 
course consists of the subject matter included in the book and that i té 
business of the teacher to crowd that amount of subject matter ed 
semester or year, as the case may be, if the content is large, and toa m 
that amount out over the same time, if the content is small. Under the 
favorable circumstances this is a poor method. A hey have 

The publishers, and sometimes the writers, of texts imply that t T Cae 
prepared an ideal course of study which is complete in their book. ini 
expects salesmen to use this argument, and by it school boards and a ard 
trators are sometimes misled into thinking that a particular book or s aa} 
books will standardize the work in a highly desirable fashion. But this she 
ardization of the work of a course from school to school or even from v 
class is one of the undesirable outgrowths of mass education. It is high Y aiti 
probable that any school system of appreciable size will have such uni p - (hé 
in student make-up that one course is equally good for all. Yet the v ady 
school system, the more likely it is to adopt a standard text or course o sus 
The students in a single school building may be sectioned upon pe 
bases. Sometimes it is done upon the results of intelligence - eren 
times upon the results of grades made in previous, and often diffe Ex 
courses, sometimes upon the curriculum groupings such as pus B of 
. paratory, manual arts, or fine arts. Sometimes a section is rated H8 ies telli- 

- "slow" which is usually understood to reflect in some degree rclative 1n 

ence. i in 
1 Student Needs. In large school systems where there is a wide pe 
the population of its several communities, it is quite possible that a me one 
of a “fast” section in one community might actually rank lower than nent 
member of a “slow” section in another community. It is inconceivable, i 
that a standardized course or uniform treatment of a subject can prov 


ct 
equally or even passably well for the needs of all students. How much subje 


matter should be covered by any class is a problem that should be decided 
the composition of that cl 


r 
ass. The solution should vary widely between ES 3d 1 
ent schools in a single system and between different classes in a single s¢ yee? 
_ As a matter of fact it may, and probably should, vary considerably bet d 
different students in a single class. In general it may be said that how p> it 
a student does is of less importance than what he does and how he doci 
Tf this is true, it then becomes of primary importance that the m t 
especially the beginning teacher, first determine what should be taught ! 
course, allowing the amount to be decided later. 
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THE KIND OF SUBJECT MATTER 


Factors Determining the Kind of Subject Matter. In the consideration of 
this problem there arise such questions as the location of the school, the 
make-up of the community, the intelligence of the individuals, their interests 
and ability to profit from various types of experiences, and the possibilities 
of their future. It may be impossible for a new teacher entering a strange 
community to know all these things at the start, but to learn them at the 
earliest moment becomes one of the teacher's first duties. If a class consists of 
Students whose interests, inherent abilities, and social-economic status all 
Combine to cause them to profit most from training in manual and house- 
hold arts, and whose abilities or economic status necessitate their leaving 
School at the end of the junior or senior high school period, it is best that 
they gain from their high school science a knowledge of and correct attitude 
toward those phases of biology which will better enable them to maintain 
their personal health and social well-being. A consciousness of infections and 
Communicable diseases, epidemics and their causes and control, an interest 
1n personal and community betterment, some knowledge of heredity and, as 
far as possible, a tendency to do as much thinking as he is capable of doing 
for himself are ideals worthy of incorporating in the course for these stu- 
dents. For some students it may be necessary and desirable to concentrate 
exclusively upon such phases of the course. To memorize the classification of 
the echinoderms or the nomenclature of the Compositae may seem learned 
at the time but such knowledge is soon deservedly forgotten. 

If, on the other hand, the composition of the class is such that their genetic, 
Social, and economic inheritance assures them of obtaining a college educa- 
tion or its equivalent, the “what” of the subject matter may well be altered. 

hey will profit by and be interested in the more purely personal and social 
Phases of the work, but much of this they will already have learned or come 
to accept as matter of fact because of home training or influences. These 
experiences plus native abilities may make it possible to add numerous topics 
to the content of their course, and some students may profitably learn how 
a starfish uses its tube feet or why a tomato is a berry and not a vegetable. 

he somewhat more technical phases of their science, methods of experi- 
mentation, and more emphases upon problem solving and scientific thinking 
are definitely a part of the course for those students. 

It may very well happen that your class is composed of a mixture of types 
of Students, The problem is then not different from either of the above situa- 
Hons but is a combination of them, for again the question of what to include 
In the course is answered by a consideration of the composition of the class. 

€refore, in a mixed class there exists the necessity for a variable program 
which is sufficiently flexible to meet the needs of its members, and there is 
Neither demand nor excuse for having all members do the same kind or 
amount of subject matter under such circumstances. All the above con- 
Siderations will have to conform to the length of class periods, number of 
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periods per week, and whether the course extends over a semester or a year.’ 

A few other factors may arise to complicate the problem of preparing 2 
course. Any one of these may or may not exist in a given locality but should 
not be overlooked if present. 

Location of the School. Schools located in rural districts or in small towns 
have at their disposal large parts of the outdoors from which a great quantity 
of materials may be obtained. (See especially Chaps. 7 and 12.) There 
should be no necessity for calling this to the attention of the teacher; yet ! 
is one of the foremost criticisms of biology teaching that little use is made of 
materials which lie within easy reach of some school buildings, while the 
teachers complain about lack of funds for purchasing more. This may be laid 
at the doors of our colleges and teacher-training institutions where the 
students often see only preserved materials, museum specimens, charts an 
models, and a few living forms purchased from a supply company. If, by 
contrast, the building is located well within a large city, these natural sources 
become less accessible, but there are often museums, zoological and botanica 
gardens, packing plants, large markets, and manufacturing establishments 
making many uses of plant and animal materials. Thus, the location of the 
school may radically influence your selection of subject matter, but it nee 
seldom be a serious handicap. As a matter of fact, the available materials are 
probably the ones best suited to your pupils’ needs. 

Administrative Limitations. The amount of administrative control © 
classroom work varies from none to complete control. Ir some schools the 
teacher is entirely free to choose, plan, and execute the course as may seem 
fit. In others there is a general plan or outline of the subjects to be taught, 
and it is expected that the teacher will follow it. In some large schools there 
are department heads who may even have unit or lesson outlines which a 
given to each teacher. In some places there are subject supervisors who g0V 
ern the work throughout the school system. Where such supervision does a 
exist, the teachers of similar classes are expected to cooperate in the formu " 
tion of a course. This is intended to provide more uniformity. It means 
certain amount of give and take, and for an inexperienced or incoming 
teacher it may mean more take than give. Do not expect to revolutionize 1™ 
mediately the teaching under any such conditions, but work gradually sa 
by step in instituting changes or new ideas. Also remember that, if your def 
perience is small, their decisions may be more practicable than yours, Un * 
such conditions you will generally find sufficient opportunity for working Me 
your own ideas so that it will be unnecessary to sacrifice your individuality M 
progressive points of view. Unless there is direct interference, and this i5 T S 7 
a reasonable amount of administrative guidance is likely to be a pee e 
advantage at first. Once you have shown the ability to plan and carry eu its 
work efficiently, the administration is almost certain to prefer to devote 
attention to other matters. —-—4 

Selecting Topics. With the above guiding considerations definitely 1n TO 


: 3 s u 
the teacher may proceed to the selection of topics which are to be the $ e 
Jua 


nin 


ver 


1 See Chap. 6 for sample of a questionnaire which may be used in obtaining e 
information concerning the social background of your class as an aid to deter 
the probable needs of the class members. 
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stance of the course. If he has been properly prepared as a student, he should 
have ample background in his field for the choosing of these topics. A num- 
ber of good texts written for the level of the classes to be taught can be of 
some assistance in making the selection. In no sense should the course be 
limited by such tables of contents, although there probably will be more 
topics than can be included since textbooks have a way of embodying more 
subject matter than one course is likely to cover. Nor should they unduly 
influence the method of presentation which you employ. Keeping well in 
mind the needs of the class as determined from a firsthand study, decide 
first of all upon the general objectives. These will serve as a guide in the 
choice of topics, sequence, and manner of treatment. 

The general procedure of preparing a course can be summed up in the 
following steps: 


1. Study your class composition to determine its success, progress, and intelligence 
ratings. These should be a matter of school record in the office. 

2. Get as accurate a picture as possible of the social-economic make-up of your 
class. If this has not been done, it will be necessary to obtain the information from a 
questionnaire given to each student. (First consult your principal.) 

9. Using the first two steps as guides, prepare your objectives in fairly definite 
form. 

4. Select subject matter that is best suited to the accomplishment of these objec- 
tives especially as regards their utility to the student. 

5. Prepare a condensed and later a detailed outline of the course based upon a 
time-budget distribution. Detailed lesson planning can come later and may best be 


Worked out as the course progresses. 


The Pretest. As early as possible, preferably at the very beginning of the 
term, it is desirable to prepare a very general test covering such subject 
matter as you feel is likely to be known already to the students in your class. 
To this add adequate samples of the subject matter which you intend to 
Cover in your course. Use a strictly objective type of test for two reasons. 
First, the test will be lengthy for the student to take and, second, it needs to 
be scored as soon as possible for your own guidance. By summarizing the 
Parts of the test you will have a cross section of what your classes already 
have as background for your course. This will serve as a further guide to you 
im selecting topics and in deciding upon the kind and amount of emphasis 
to be placed upon various parts. It will also help in a way with any individ- 
ualization of your work. (See Chap. 6, Evaluation.) ] 

Pupil Interests. Such information as can be obtained concerning the pupils 
9f a class in regard to their home and community life, economic status, 
Probable future interests and activities, and their native abilities furnishes a 
relatively sound basis for determining the content, methods, and emphasis 
of a course. In addition to this, attempts have been made to establish specific 
Interests of students in types of subject matter by means of questionnaires 
Siving their likes and dislikes after they have had certain courses. This in- 
formation may be of value to a teacher as an after check since it will throw 
Some light upon what parts of the course as given have been of most interest 
to those students. Studies of this kind, however, made by others upon limited 
Soups of students are of doubtful value. They will indicate what interests 


30 CLASSROOM METHODS FOR TEACHING BIOLOGICAL PRINCIPLES 


and appeals have been made to those students by use of the subjects included 
in that course with such methods as were employed by those teachers. The 
amount of emphasis placed upon heredity and the technics employed by one 
teacher make it a first or second choice with her students, but for similar 
reasons another group prefers a study of flowers or microorganisms, etc. 
Hence, it is obvious that such data are of value in determining what results 
have been obtained rather than as a guide to what should be taught. It prob- 
ably is true that certain topics make more of a natural appeal to large 
numbers of students than do others, but the way that they have been 
approached and the methods pursued have more to do with the student's 
final estimate than do their intrinsic values. : 
'There arc undoubtedly certain fundamental interests of boys and girls 
in early puberty, such as their interests in sex, social relations, life achieve- 
ments, the novel and spectacular in nature (witness the believe-it-or-nor 
cartoons) and physical accomplishments (as in athletics), which if Fes 
out in sufficient detail and properly catalogued and studied might furnis 
sound bases for guidance in determining the contents and treatment O 
courses. Unfortunately little has been done concerning this problem, but x 
holds many possibilities for future investigations. € 
The fields of biology, botany, physiology, and zoology are all of sufficien 
scope that the selection of topics becomes a matter of choosing and eliminat- 
ing. Once this has been done, there arise the problems of sequence an 
emphasis. 
Sequence. The traditional manner of arranging the subject matter of à 
text or of a course in the phylogenetic sequence has been so widely adopte 
ue it still persists even in courses of the junior high school level. This logic? 
rrangement appeals to the mind of the taxonomist and evolutionist and ca” 
be used with some advantage in more highly specialized courses. For the 
more elementary classes and for courses designed for students, very few 2 
whom are likely to specialize in the field, there are other arrangements tha 
might be used to better advantage. One author states that he has arrane 
= the sequence in his text to conform to the materials available at diferte. 
seasons of the school year, This might be a factor worthy of considering E: 
many localities. It should be evident from preceding discussions that no on 
set of topics could possibly be suited to the needs of all courses in any fie 
but should vary for many reasons. Likewise it should be equally appare, 
that no one sequence of topics could be suited to all courses in the A 
Subject. As a matter of fact the point of starting and subsequent order 
arrangement could in most cases follow any one of a number of patterns. 
examples of this consider the following illustrations: rt 
1. Let us suppose that you are teaching a class in physiology, or that P 
of biology which deals largely with the structure and function of the hum c 
body. Most textbooks on the subject would begin with the gross anatomy the 
the body, with the names of the systems and the organs, and end with m- 
functions. This development would accomplish the results so far as the d y 
ing of facts is concerned but is likely to be introduced with a rather leng 
period of arid memorizing. Which topic comes first and which second d 
relatively little importance. Let us assume that you plan to start your CO" 
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with the study of circulation. Most courses do not do this. You may say, “But 
the class is not yet ready for circulation." Consider, however, the following 
sequence: You may safely assume that the members of your class already 
know that there are such things as blood, blood vessels, and a heart. They 
know that the heart beats and pumps the liquid blood through the vessels. 
They all have seen blood, but they most probably have not seen it actually 
circulate. 

You prepare one or more demonstrations such as placing the fin of a fish, 
tail of a tadpole, or web of a frog's foot beneath the microscope (see Chap. 
18, Circulation). Each student is now able to see the smaller arteries, veins, 
and capillaries and to see that what he has always thought of as a deep red 
fluid has much more of the appearance of a great mass of tiny golden disks 
Which go tumbling through small tubes. He now has a new concept of the 
nature of blood and blood flow. His interest and curiosity are aroused, and a 
follow-up discussion by the class introduces the study of blood. This requires 
the preparation of blood smears from the specimen and from some member 
of the class for comparison (see Chap. 18). A drop of Wright's stain discloses 
types of blood cells, and the more detailed study of blood functions and 
Composition is well motivated. After a few class periods there will be felt 
the need for a new "lift" or motivation. You may be ready to introduce the 
Study of the heart, its functions, and structure. Now suppose that you present 
a demonstration of the beating heart of a frog. No class will fail to thrill at 
the sight of a throbbing heart. A little guidance during the observation 
Period will bring out the auricular and ventricular contractions. The problem 
9f how the blood flows always in one direction calls for a knowledge of the 
internal heart structures. This can be done from material obtained from 
slaughterhouses or butcher shops. Individual or small-group participation — 
or the small-group demonstration method can be used. A study of drug 
effects and blood and heart hygiene can be covered and definite application 
to personal welfare introduced since heart failure is considered to be first 
3n the list of causes of man’s death. 

The relation of circulation and parts of the circulatory system to all other _ 
Structures of the body can be demonstrated in a specimen such as a frog or 
Small mammal. The relation to the digestive tract explains absorption of 
food, that to the lungs explains absorption and disposal of oxygen and 
Carbon dioxide, that to the kidneys explains the relation it bears to excretion, 
that to muscles relates it to behavior, etc., each being a point of departure for 
Introducing a study of any of the other body functions and their structures. 

t requires but little imagination to understand how a sequence of topics may 
egin with such a project as circulation and yet follow a perfectly psycho- 
Ogical and coherent arrangement though such may not be widely used in 
oks or courses of study. 
Let us now consider another illustration of sequence that starts from an 
entirely different point of view. You might choose to introduce your course 
TOm a study of the behavior of organisms and how they respond to 
Stimulating factors of their environment. This may not be an unwise choice 
although in most texts it would be one of the last items instead of the first. 
In Chap. 21 you will find numerous suggestions and descriptions of problem: 
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and demonstrations that will be found suited to arouse a keen interest in a 
group of students. From Chap. 21 you may select a series of experiments 
which show that such an animal as a toad or frog will respond with aeh 
ical precision to such stimulations as you choose. These responses bring e 
the fact that sense organs (receptors) exist at various points on the mae 
body. From this general observation follows a more detailed study of eS 
sense organs, and a few further demonstrations which the student may Le 
form upon himself (see Chap. 21) definitely relate the subject to his me 
person. But a study of responses implies a direct relation between iar 
organs and organs of movement. Hence the need for a study of the n: 
of the nervous system. The nerve structures, brain, and impulses are t 
covered because of this feeling of need. lead 
Generalizing upon this study of the responses of organisms may well le a 
to the topic of the relations of organisms to their environment ( ist " 
ecology) and to a consideration of dominant influences which govern D d 
social organization and behavior. Or from the study of the relation o P 
nervous system to muscles in simple responses might come the study K 
muscles and their function. The functioning of muscles requires the bee 
formation of energy, as respiration. The transformation of energy pen 
source of this energy as foods, which leads most naturally into the stu d 
digestion and the digestive system. On the other hand, it also implies the e 
duction of waste products, which suggests the studies of breathing and edi 
tion. Without carrying the illustration into more detail, it must be © pes. 
that it is equally possible to begin a course, or any of its major units; M. 
any one of a number of different points and to pursue a sequence of items 


. o 
such a fashion as to produce a psychologically well-coordinated course 
study. 


TYPES OF COURSES 


So much, then, for the problem of materials and the general sequence, ^ 
matter of much greater importance is that of the choice of the type of cause 
into which the factual matter is to be arranged. This is important bec 4 
upon this decision rests the fulfillment of one of the major ps ossi a 
biology teaching, the induction and application of principles. AttemP has 
classifying courses in the natural sciences are indeed difficult since bo 
been presented so many courses differing from each other in what somet! 
amounts to but minor details. For our purposes of discussion, ets 
shall use three general groupings into which most courses might fall, alt 7 
in many instances there has been a combination which would place $ 
courses in more than one of these categories. ; 

The Mozphological, or Types, Courses. In courses of this grouping e 
find that subject matter centered around the study of types of plants ied 
animals usually is arranged in phylogenetic sequence. Type forms are SUC J- 
in detail as illustrations of the major groups. An understanding of we 5 
ogy and taxonomy is the primary aim of these courses. Such ep 
typical of work done in colleges and very often in high schools when case 
and zoology are offered as separate subjects. A variation of this is the 


we 
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of a so-called biology course which consists of one semester of botany and 
one semester of zoology. There is but little to recommend in such an arrange- 
ment for the general student. It is somewhat of a relic of the early days when 
the elementary courses in any field were designed as if all students who took 
them intended to become specialists in the field. We cannot afford to forget, 
however, that in all probability less than 3 per cent of students taking the 
secondary school course may ever go into more advanced studies in that field. 

The Civic and Economic Courses. These purported to be of such a char- 
acter as to fit the individual for better fulfilling his place in the state. They 
were the outgrowth of the moverent which is characterized by "education 
for citizenship." The theoretical ideal was that of making each individual a 
better citizen. The idea spread from other fields into biology, especially in 
the high schools. Textbooks began appearing under titles of civic biologies. 
In some cases these were but little more than the same older courses dressed 
in new clothing. It was a vogue, and authors rewrote their texts and re- 
named them to keep them on the market. Much good came from this change 
in emphasis, however. It thoroughly broke the domination of the morpho- 
logical course plan as applied to secondary school biology. Later books 
sought definitely, and with varying degrees of success, to produce courses 
that offered distinct advantages to the great proportion of our public school 
students who received no further training in the field. In fact it opened up 
to study the whole problem of kinds of courses and has made possible 
greater flexibility and freedom in the selection and formation of types of 
Courses suitable to the group of students for which they may be designed. 

The Principles Courses. Closely allied to courses based upon citizenship 
were those which were dedicated to the social improvement and personal 
well-being of the student. The manner in which courses were constructed, 
when so designed, did not follow any set formula. They did emphasize such 
Points as 


1. Man's place in the biological world 

2. The relation of microorganisms to personal and public health 
3. The relation of the physical environment to man's well-being 
4. What man can do about the community, etc. 


. These topics were sometimes a little overstressed, but they injected new 
life of a practical character into what had often been a cold, formalized 
science course, The most recent tendencies seem to involve some return 
toward the treatment of biology as a field of science rather than as sociology 
but without losing the social significance which this subject above all others 
should rightfully involve. The point of view is that of basing the study upon 
fundamental principles of biology. This is a very plausible procedure if 
Properly executed. It involves a number of desirable elements that were 
inherent in other types but permits of a somewhat different treatment. These 
Clements conform directly to our accepted objectives as stated in Chap. 2. 


1. It necessitates the teaching of biological knowledge as scientific facts and thus 


Tetains the desirable feature of the earlier kinds of courses. 
2. It necessitates the utilization of this factual knowledge in inducing generaliza- 


tions which are formulated as principles. 
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3. It necessitates the application of these principles when they are used in pa 
solving. When these problems are made of personal and social significance, 
method retains those desirable characteristics found in more recent courses. ‘ioe 

4. When facts are made to have fuller meaning through a sd 
generalizations are made to live through application to life problems, and w der 
meaning and utility are combined with habits of thinking, they are bound to pr fa 
attitudes in the learner which should definitely function in his adjustments to 
needs of his life. 


"C " ideals 

Thus, the true principles course endeavors to accomplish fer id E 
It is not so much a new type of course as it is an organization which emp 
sizes the objectives in a different manner. 


PROBLEMS 


1. Examine one or more high school texts in the biological subjects (biomi 
botany, physiology, or zoology), noting the subject matter that is covere ; for a 
regarding the arrangement in the texts, prepare, in brief outline only, a apes vi 
class of students who will not have an opportunity of attending college, w whose 
have to become self-supporting upon graduation from high school, and 
outlook for the future is urban or metropolitan. " course 

2. Following the same procedure as in Problem 1, prepare the outline of zie co) 
for a class that is made up almost exclusively of students who will attend co te 
other special school, that will not have to be self-supporting for at least four ue 
after graduation from high school, and that probably will be urban in make-up 
outlook. dents of 

3. Prepare, as in Problems 1 and 2, a course in outline for a class of stu College 
rather uniform abilities, half of whom wiil have the opportunity of attending pe 
or special school, the other half of whom will not be pressed to mine og and 
diately after graduation from high school and for whom the community li 
future are largely rural and village. ntents: 

4. Examine a text on high school biology and make a copy of its table of x - 
Assume that this represents the author's suggestion for a course of study. a ot 
sequence of topics and determine from the preface what the author’s reason’ ‘erent 
this sequence, Then, using the same topics, arrange them in one or more ‘course: 
sequences which in your opinion might result in a psychologically coherent jest o 
(Consult pages 30 to 32 of this chapter for a discussion of the prob enson 
sequence.) Present your new arrangement in class for discussion, giving your 
for your arrangement. t d note 

5. Consult the prefaces of at least three texts on high school biology a” state 
the type of course which the authors have had in mind according to their ow? cip 
ments. They may not give it a special name such as “types course" or pus 
course," but you are to determine what type it is. This may involve study! or his 
table of contents and some of the chapters. What are the author's reasons 
choice of type of course? d note 

6. Consult the prefaces of at least three texts on high school biology 7 course. 
what the authors have to say about the desired objectives of the biology lass. 
Compare the different points of view and discuss them before the methods € 
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CHAPTER 4 


-#4 Methods of Presentation *- 


Whatever the formally designated course may be, it is an expression s 
some very general underlying philosophy. Some specific philosophical pe 
ground is a necessity for intelligent teaching, but the mere reiteration of t d 
or that type of course by name gives of itself little guarantee of the results 
be accomplished. The methods employed in its presentation are of ne 
importance to the success of the type of course. These, too, have been clas 
fied under commonly accepted names such as: 


1. The textbook-recitation method 

2. The laboratory method 

3. The demonstration-discussion method 
4. 'The problem-project method 


These four groups include the elements of nearly all other methods which 
are, in most cases, modifications or combinations of them. Ils 
We must not lose sight of the fact that the mere name of a method te 2 
little concerning the value or success of the teaching procedure in any pe. 
ticular class. Two teachers may use the laboratory method and one do A 
excellent job of teaching while the other fails miserably. Too many Ee 
enter into all good teaching for onc to bc able to classify them under a Sit 
method. Of first rank among these other factors are the teacher’s persona y 
method of approach, means of motivation, choice of materials, etc., some 
which will be given more consideration later. h- 
The Textbook-Recitation Method. Before the days of easy printing, tea¢ 2 
ing was done by use of a few manuscripts and from the teacher's store es 
knowledge which was passed out by lecturing and questioning. In. quii 
and universities the lecture is still the accepted means of imparting informe 
tion. Though this is sometimes practiced in secondary schools, it has be 
supplanted to a very large degree by the assignment of readings un 
textbook which are then called for in a subsequent period of question 
called the recitation. So widely was this followed that it became accepte en 
the method of teaching. In spite of the broadside of criticism which has pe 
leveled at it in recent years, it still persists as the most widely used proce 5 
in secondary schools. To read literature upon any subject and to be abr 
answer questions upon that subject are commendable. The error comes | m" 
making this process the entire or at least the major method. It has er 
a strong following especially with inexperienced teachers because it is an P 
way to teach, gives a superficial showing of scholarly attainment, make 


36 


ing 
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possible to cover large amounts of subject matter in a relatively short period 
of time, gives the teacher less to do in planning ánd preparing, and offers a 
feeling of security by a reliance upon the supposed authority of the author. 

It is one of the easiest methods to follow because the author has arranged 
the subject matter in chapters and paragraphs which are in most cases 
logical and which may be apportioned out as assignments to be memorized 
and recited upon. There is need for very little planning on the part of the 
teacher if the method is not varied. Such things as examples, illustrations, 
and experiments are worked out and explained so that even the demonstra- 
tions may be discussed from diagrams, pictures, and verbal descriptions 
Instead of being performed in class. 

It makes a superficial show of scholarship since youthful minds seem to be 
able to retain verbal impressions for sufficient lengths of time to permit suc- 
cessful recitation, This is true even when the real meaning of the words is 
obscure to the student. His ability to quote at length from printed pages is 
Sometimes unintentionally misleading as to the exact amount of understand- 
Ing which he possesses. While the quoting of authorities is a valuable asset, 
it has lost much of its prestige as a measure of true learning. 

The textbook-recitation method also encourages the student to rely upon 
One authority, and since ordinarily there is little questioning of this authority 
the student fails to develop a critically analytical attitude toward his learn- 

hould get in problem solving since the 
Problems are usually solved by the text. When so-called problems or ques- 
exts, they most generally can be 
hat chapter. Such questions are 
hen they are interrogations for 
the text. If principles are 


t of this until now. Imagine his 
ge bore the name of the profes- 
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g , v- 
sor whose oral declarations he had been disputing. The — — e 
ever, he was willing to accept without question, even wit = c ae 
wrote it. The blame for this slavish attitude toward books rà a 
ourselves as teachers who are not permitting our students to do je es 
thinking even in the sciences, and the results show that we are i 
attitudes to form and crystallize in the student's mind which ser dart 
to his meeting and solving the problems of his life. It is little wonder 
masses are propaganda ridden. : m 

. The Taboao, Method. This expression as a method is not deina k 
a few words. It is used in most cases to mean that each student or pu E 
students is provided with specimens, or a work guide, and e ar o 
equipment for making dissections or studying materials by classi c R 
otherwise. In some schools a double class period is provided twice a ys shee 
this kind of study while single periods for recitation are used on t e T 
three days. Most teachers look upon the provision of laboratory wor. venter 
great advantage. Perhaps this is because there is more likely to be pos ta 
amount of physical equipment for classes that have a laboratory ere: 
those which are arranged to meet one period per day. Thee er single 
advantages inherent in the laboratory method even when applied v tid 
periods and in rooms not designed primarily as laboratories. Some 


5 1 A in any 
methods and provisions of the laboratory are useful tools of science i 
event. 


1. It usually implies learning by doing. 

2. The student handles materials. 

3. He learns to follow directions carefully. 

4. He performs experiments, 
and draws conclusions, 

5. He learns to handle a 
course is properly developed. 


On the other hand, its ob 
are somewhat as follows: 


^ tay 
P s da 
records observations and results, summarize 


, if the 
pparatus and does much thinking for himself, if 


1 3 
jectionable features, especially in general biology 


1. It is more expensive if Separate equipment is provided. 
2. It is difficult 


to schedule if double periods are provided. 

3. It is much more wasteful of time because students are unskilled eget 

4. There is some evidence that students of the junior high school age learn 
readily from demonstrations than by doing. pink 

5. There is no guarantee th 
scientifically in the laboratory a 

6. Skill in the usual technic 
for the great majority of stude 


at the student will learn to solve problems oF u 
ny more than in another class, secti 
of the laboratory is of questionable value as obje 
nts who will have little use for them later. 


t 
Whether the advantages outweigh the disadvantages is still a highly debag 


able question. The fact is that for the more elementary sciences, SUC 


pile 
general science and biology, the laboratory has been mostly abandoned, W 
for botany, zoology, 


and physiology it has been mostly retained. mns a 
difference between the use of a formal laboratory period as a method an an 
use of certain laboratory methods in connection with problems, projects, 
demonstrations. When used in this latter sense, it is of recognized value 
should never be dispensed with. 


ves 
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The Demonstration-Discussion Method. The demonstration method of 
teaching is self-explanatory. It is designed for two purposes. First, to provide 
a means of making clear certain parts of the subject matter by objectifying it, 
somewhat after the fashion of the laboratory, and second, to do the above 
with as much economy as possible. It can be used in a great number of ways. 
As a method it was designed originally to take the place of the laboratory 
method by having the equipment and materials centered on the instructor's 
desk where all work of a laboratory character was performed while the class 
observed from their seats. The use of the demonstration is an old device, but 
its adoption as the principal technic for elementary science is much more 
recent. Like all other methods, it has its advantages and disadvantages. 
Among its advantages we may note the following: 


1. It is about the least expensive method of utilizing laboratory activities. 

2. It is timesaving. 

3. All students see the same operation and technic. 

4. It is more efficient since the teacher is, supposedly, more competent than most 
Students, 

5. The teacher explains each step, thus ensuring that each pupil sees and inter- 
Prets all the work in the same manner. ; 


Likewise the method, as usually employed, has its disadvantages. Some of 
these disadvantages have been considered sufficient to bar its continuance, 
ut it is a widely used method nevertheless. 


L It may deprive the student of many of the advantages of the laboratory method, 
such as handling of the materials and apparatus and the making of his own 
interpretations, d 

2. It assumes that all students see and hear all parts of demonstrations equally 
well, but this does not necessarily follow. 3 

3. It is subject to misuse in two important ways. The teacher may slight the 
Work at times because of uncertainty due to lack of familiarity, and the teacher 


te ol 
nds to exclude student activity. 


,In general the demonstration method when combined with a well-directed 
iscussion is a rather successful teaching technic. It can be modified by 


allowing limited student participation and by problem solving at times. It fits 


Well the regular method of uniform class procedure for all students but does 
Rot permit of very wide individualization. If widely individualized and modi- 
ed, it approaches a method usually called the problem, or project, method. 
€ Problem-Project Method. The word "project" has been so widely 
and diversely employed in education that its meaning has grown correspond- 
"gly vague. Like the word “unit,” it has been applied to almost any sort of 


vision of subject matter without regard to its organization or treatment. A 
series of related problems that are 


ioject is really an extended problem or 

the outgrowth of the student's own interests and endeavors at problem solv- 

Ing. For example, let us suppose that during a study of heredity a student 
iscovers that albino corn seedlings have some green spots developing upon 

© white blades, His interest is aroused, and examining them more carefully 

© discovers that these spots can be rubbed off but will return in a few days. 
€ uses à microscope and finds them to be a growth of mold. Recalling a 


40 CLASSROOM METHODS FOR TEACHING BIOLOGICAL PRINCIPLES 


similar growth in the tumbler which he used in watering the pans vs Em. 

for a method which would prevent the mold from attacking the p cac be 

leads to a study of sterile technics and a study of fungi and the plant d 

caused by them. The original problems of rearing albino and grem < A 

seedlings for heredity initiates a series of problems resulting in a pro] 

this student on molds and plant diseases. ; i oe ae 
Some rather strong opposition has been raised against the use : 


SEES lid 
problem and project methods of teaching, much of which is based upon va^! 
grounds. 


+s nning 
1. This is the most difficult method for the teacher, requiring more pla 
and more effort of execution. 


i n 
2. If properly operated it calls for somewhat more materials and equipment tha 
the strictly demonstration method. . i nake it 
3. The amount of time consumed by the projects may be so great as to T a 
impossible to cover a wide variety of topics, thus resulting in an incomplete S^ india 
4. It may result in a lack of proper coordination of subject matter el be 
vidualized, since students may be working upon problems or projects which m all 
parts of the general subject, but each student may miss the relationship betwe' 
the parts. i 
5^ Difficulties of the method increase in proportion to the number of students 1" 


: i eacher 
large classes and in proportion to the number of classes per day which the t 
must have. 


In spite of these objections it offers advantages not inherent in most e 
methods. Many of its advantages consist in overcoming its disadvanteE a 
and those who use it are notably in favor of the method whenever it is P 
sible to use it. They point to the following merits: 


t 
1. Though it is the most difficult method for the teacher, requiring more eff 
and planning, the lack of this effort is one of the reasons for much of the mec! ore 
teaching that is done. The results of the method, when it is properly executed, ™ 
than compensate for the extra work that is required. ather 
2. The necessity for more materials and equipment is generally an excuse [o E 
than a reason for not using the method. The problems and experiments can ense. 
devised that they will require nothing that cannot be had at little or Do e S 
The providing of these materials might well become a part of the student's resp ssist 
bility. Part Two of this book, especially Chaps. 12 and 13, are designed to 2 
the teacher in meeting these problems. on 
3. As to economy of time, there is much doubt as to whether time well spent M 
less subject matter might not be worth more to the student than the same time 5P 
in hurrying over more subject matter. rk $S 
4. The lack of coordination which sometimes is the result of individual pa. the 
little more than the result of poor planning and lax execution upon the part © 
teacher. de 
5. In no other method is there equal provision for those essential factori in 
manded by our objectives. The solving of problems is essential to the training f 
scientific thinking and the following of projects is a vital part of the product! nin 
those attitudes which should be the outgrowth of science teaching. Proper P lan e 
will provide for group or even class participation as a means of diminishing ij 
problem of numbers of students and numbers of classes that must be taught an the 


, : F ; i r 
still make possible a sufficient amount of independent work to provide fo 
necessary individualization. 
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No one method should exclude the valuable elements of other methods. 
The teacher should always plan the procedure in such a fashion as to embody 
those technics which are best suited to the accomplishment of the objectives 
for that phase of the course. The problem-project method permits of the 
utilization of most of the better features of other methods besides adding 
those vital factors of problem solving plus student interest. It matters little 
whether separate laboratory periods are provided or whether classwork is 
limited to single periods. If time, equipment, and numbers of students and 
classes permit, a larger amount of individual or small group work may be 
undertaken profitably. If larger numbers must limit the amount of individual 
work, this fact docs not limit the method. Each demonstration may become 
a problem, and the major subject units might well be handled as a class 
project, in which case the smaller problems are merely steps in its completion. 
The examples given in Chap. 2 furnish a satisfactory illustration of how this 
method may be used both as a class project and for individual problems. 


DEMONSTRATIONS AS PROBLEMS 


There are teachers of science who prefer to have their students memorize 
Statements from assigned pages in a book or answer a list of questions based 
upon the text rather than have them see or give demonstrations, solve prob- 
lems, or work out projects. It is so much easier to look at a poor illustration 
in a book than to look for materials to objectify the facts. It is so much easier 
to have a student memorize a definition than to train him to use learned 
facts in such a manner as to be able to derive his own definition or to induce a 
principle and use it in problem-solving. In questioning it is easier to say 

here is this?” “What was that?” or “Define the following” than to present 


à problematic situation the solving of which demands a knowledge of the 
angement in cause-and- 


facts plus their intelligent application and their arr 
effect relationship. 

Many widely used textbooks are written as compendiums of biological in- 
Ormation rather than as educational instruments. This is very well if the 
book does not determine the method of procedure but is merely a source 
ook., For example, let us suppose that we turn to the chapter in such a book 
dealing with the cellular structure of organisms. In most instances one finds 
that the first paragraph deals with a definition of a cell and a statement of 
the cel] theory. Facts establishing the proof of these statements follow, and 


the discussion finally ends with suggested demonstrations and review ques- 
ty of the text or 


tions. How often does the teacher, following the authori 
Precedent of past experience, require the student to remember the substance 
rae book in its original sequence and test for and measure the learning 

onl. E basis? 1f the function of the teacher and text 1s to impart information 
Hie? this is at least tolerable. But if education is more than this memorizing, 
Probl the method becomes little less than vicious. wp ed 
s pus pane questions, belong at the beginning of a study. e student 
“Ould be made to feel that there is an interesting pro 


h 
^ 
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z - Jl pi in a 
Demonstrations should not be passive illustrations like = Pot he livia 
book to be viewed as evidence of the written statements but s oT eruit 
problems, the understanding and solving of which will 1 i indui 
tion of certain facts, the discovery of causes and effects, an vean. 
and application of principles. Demonstrations are most frequen Te legiti 
a class as an illustration of something already learned, This meee should do 
mate usage, but it is one of the less important. A poe ms 
much more than this. It should appear to the student as a cha ae sn His 
skill in the use of what he may have learned already orasa a hert 
search for new knowledge. It should give meaning to the —— of some: 
to put forth, causing him to feel that he is working for the solutio Mire 
thing that he may achieve. This is important, especially with gna in with 
Thus the study of the cellular structure of organisms should rs wed by 
demonstrations or examinations of materials from various sources fo cel "- 
readings and discussions until the student from his own experimentan And to 
study is able to formulate for himself a statement of the “cell p es stu- 
describe clearly in his own words the chicf characteristics of cells. ies 
dent should not be robbed of the privilege of discovering for himse a book 
very fundamental concepts of biology. A definition memorized vum aa 
may sound as good as, or better than, one which he may create "lifference 
and may count as high or higher on a testing shect, but there isa training 
in the meaning, a difference in appreciation, and a difference in 
values which usually remain unmcasured in our evaluation programs. stead 
For the purpose of showing the use of demonstrations as problems pem 
of as illustrations, let us suppose that a class is studying the basic FÉ the 
phenomena of living things. Eventually something is to M. Heim e eu 
manner in which organisms meet the problems of their relation to t f these 
vironment. The traditional procedure would be to state that some «e epro- 
basic functions are movement, digestion, photosynthesis, respiration, "nin 
duction, and so 9n, and to have the student learn many facts conce visu 
. cach of these. He might be supplied with a few illustrations to assist pM 
~ alizing the facts. To summarize the ecological relationships, a ba learn 
aquarium might be presented at the end. Tn short, it would amount to : 


. : E their 
. ing what plants and animals do and how they get along in relation to 
. environment, 


Now let us consider how 
facts learned from the stan 
facts. The teacher begins 
is placed in a glass jar of v 
if possible. Nothing but fi 
sented by such a situati 


. 5 same 
the same subjects might be covered and the 


B " A j = 5 gi k of oxy£e€ 
quently. A discussion of this will bring out facts showing that lack o 5 
may be of more immed 


t 
iate importance than lack of food and that [ies 
will accumulate which must be disposed of. Ways of solving each o olve 
problems of the fish will necessitate a knowledge of the structures my jies 
in the functions. To these will be added the questions of quantities, PE on 
and demands. If a so-called balance is reached in the aquarium, the a 
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ora few more fish upsets it, renewing all the previous problems plus the pos- 
sibilities of reproduction and cannibalism. 

When teachers say that the average student will not see all such problems 
or appreciate them, it is usually because the student has not been given the 
opportunity to look for problems of his own accord. As a test of this point, 
a ninth-grade student who had not had a course in biology and very little 
science of any kind was asked the following question: Suppose that you 
Captured a live toad and that you wished to keep it alive for some time. 
What problems would you have to solve in order to make a satisfactory home 
for your toad? Taking a sheet of paper from his notebook, the boy sat down 
and wrote the following: 


Problems for Keeping One Toad 


What kind and amount of food does a toad eat? 
What kind of climate does a toad live in? 

What kind of soil does a toad live on? 

How much water should be kept with a toad? 
Should a toad be kept in the light or in the dark? 
What material should a toad cage be made of? 
Should the water be fresh or stagnant? 

How much space should be allowed for one toad? 


SO Se Ti 


When the problem was changed from keeping one toad to keeping several 
toads, he immediately saw that all the above questions would have to be 
reconsidered, and a few questions caused him to note that reproduction might 
follow if there were several toads of opposite sexes. Without being asked to 
do so, he added the diagram of the cage he would make. 

If there are added to any such experiment other animals and plants, new 
Problems arise immediately such as scavenging, preying, and possibly para- 
sitism, A complex society arises, and each individual must make many more 
adjustments than in the earlier and simpler type of society. There are many 
questions concerning ecology and conservation to learn about. Man's own 
Secial problems can readily be shown to consist of some of these general and 
undamenta] biological problems of nature. Thus the aquarium or vivarium 
reases to be merely an ornament for the classroom or an illustration of facts 
Carned from a text and becomes a ready source of vital problems vf all forms 
of life, including those which the student must himself encounter. 


PROBLEMS 


1. Choose a chapter from a high school biology and outline it briefly. For each 
e 9f the outline show how you would pursue it in class if you were using a 
ss Dd adapted to student laboratory work. Plan your work with Problems 2 and 3 

that the same chapter will be used in each problem. í 
biok hoose a chapter (same chapter as used in Problem 1) from a high school 
we ogy and outline it briefly. Show how you would teach it in a class if your method 

n° designed primarily to follow the demonstration-discussion method. 

Scho hoose a chapter (same chapter as used in Problems 1 and 2) from a high 

ool biology. Show how you would teach this chapter in a high school class if your 

9d is primarily problem-project. x as. 
* An understanding of the physical phenomenon of diffusion is fundamental 
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" is subi high 
i re presenting a unit on this subject toa er 
C gen pow d. women des "m as a way as to present the poe 
school um owed by demonstrations which illustrate these facts. as 6 
os ep fal covering the same ground by presenting the pce annii EA e 
|. fr : the solution of which the class will acquire the needed ac diffusion 
Eu i Chap. 17 you will find ample suggestions for pegeeemene ey ws 
which may be used in your outline. If time is permitted in your 
present your key demonstration along with your discussion. lide in a eng ota 
5. Make a list of the topics that you might expect to include i bru dpi s 
tion for a high school class in physiology or biology and arrange! nona 
manner as to give all the desired factual information. Include s votdd modify 903. 
as you might select to illustrate these facts. Now show how you iur aly stead a 
presentation if your aim was to use the demonstrations as pr " 
i i Chap. 18), a +o (se 
i oh desta in Problem 5, select the topic “photosynthesis 
Chap. 15). 
7. Following the directio 
plants" (see Chap. 22). 


- igestion" 
8. Following the directions in Problem 5, select the topic "foods and dig 
(see Chap. 16). 


ET ion in seed 
ns in Problem 5, sclect the topic reproduction i 
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CHAPTER 5 
-4 Make a Teaching Plan *- 


, One of the most important factors of good teaching, and it is especially 
important for the beginner, is careful planning. After the more general 
planning of the course, as discussed in Chaps. 3 and 4, the teacher is con- 
fronted with the necessity cf planning the lessons. The term "lesson" has a 
Varicty of meanings. To many teachers and students it suggests the work to 
be covered in a single day or class period. To others it means the amount of 
Work assigned at onc time and may include several periods. Again it may be 
used as synonymous with the “unit” of subject matter. In general it denotes 
a unified amount of material somewhat less extensive than that included in 
the Morrison unit. It is always advisable that the course be laid out in con- 
siderable detail. This in no wise implies that such a plan be adhered to 
rigidly nor that there is not left ample room for student choice, individual 
differences, and spontaneity. It does imply that the planncr has made proper 
Preparation in deciding upon objectives, choosing topics, and devising 
methods and materials for the term’s work, and it tends to prevent what 
otherwise so often happens, the aimless wandering through unrelated topics 
and problems. When this wandering has occurred with no plan in the mind 
E either the teacher or student, attempts at coordination are often futile. 
ome of the reactions against formalized class procedure have had such dire 
results, In these cases the student may acquire considerable information and 
Sain practice in problem solving, but lack the ability to coordinate and make 
Beneralizations by virtue of the isolated character of the learned facts. 
te with large experience and natural versatility may deviate more 
reely from a formal plan, but the beginner had best plan diligently and 
“pend upon changing the plan whenever advisable rather than upon im- 


brevis 
Vising as the work proceeds. 


SHOULD THE PLAN BE MADE BY DAYS? 
or a unit plan? In so far as 
kes but little difference, but 
ied that it gives the planner it may 
Important, The prim: uestion is: Where should the plan begin? If 
2 pee tent and sequence, it should be 
major areas of investigation 
ld have its special objectives 
h of the other areas. Likewise 


t Should the plan be a daily plan, a topic plan, 


e divis; 
n ; divisions of the course are concerned it ma 


hould bear its peculiar relationship to eac 
45 
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it will be composed of a group of smaller divisions of Cat peeing eae 
are intimately interrelated. Each of these smaller divisions = ^ pedes 
component parts, such as projects, problems, or major qom ix herida 
pletion of which is an cf tuin step or contribution to the 
ivision to which it belongs. ET 
| em to which a Sit subdivided depends upon the en 
making the plan, the amount of subject matter which it EN z Ps 
methods to be employed in its administration. In all cases there 2 
allotment which has to be reckoned with. Each part of a plan has br tke 
looked at from the point of view of the time necessary for its proper Ea Fw 
ment and the time available because of the limitations of the sche p 
Whether the organization of the plan is eventually in the form of gays e 
matter of individual choice, but in any event some attention must be Hed 
to the actual number of days in order that demonstrations, aume 
reports, and the materials which they require may be provided when per 
and properly used. To begin a complete plan by producing a large ae 
of daily plans and later attempting to weave these together into a c her 
would, in most cases, be an undesirable method. It would not pemut md 
Correct balance or of a sufficiently coordinated overview in the teacher's ge 
To plan by starting with the idea of the whole and work backward ecg he 
subdivisions is generally a better method, It is difficult to € e 
one could correctly evaluate each of the 180 daily parts of a 9-month p 
until he had viewed it in its entirety. . ; ier 
The parts of a plan for a course bear the same relationship to each ot 

as do the items of a well-formed outline. This should make it possible to 
arrange it in the form of an outline, Teachers often do this and stop there, 
calling the outline a “plan.” It should be obvious, however, that an outline 
is not a plan unless it includes the objectives, materials, methods, and s 
employed in finishing the classroom procedure. To have all these thought pi 
beforehand and provided for is the most valuable part of planning. It is no 
unusual for a teacher to come to a point in an outline which involves the use 
of young plants or microorganisms and then to realize that it takes 8 days 
to grow the seedlings and 2 weeks to develop a hay infusion. Hence a plan 
should not be merely a list of topics to be covered but should include the 


objectives, mode of attack, materials and time of preparation, de 
problems, key questions, and evaluation technics that are to be employed. 
these must be considere. 


d in relation to the entire course and in relation to 
the time available. 


TYPES OF PLANS 
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jar 
jar of preserves, an apple, a bottle of vinegar, 
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some cheese, and a cake of 


baker's 

east. i i i 

um se a an attitude of being unaware of the attention of the 

Hed en E Low im each article as it was removed from the package. 
g inside the sandwich so as to expose the ham. Lying upon her 


table was the following plan. 


Unit i 
it III. Ecology: The Relationship of Organisms to Their Environment 
Part IV. Microorganisms in Industry, Health, and Disease 


Objecti 
jectives. (1) A contribution to the understanding of tl 
rganisms. 


(2) A 

: n un : 

Kies cf Penang of the culture and control of microo 

ELO e problems arising out o! 
vn health and activities. 


4. 
gun MATTER B 
: Introduction b 
: r y ques- 1. 
TR and discussion from 
"5 materials and from 
oe of the 
* The spoili 
.Spoiling of foods: 
Ouring of milk. ae 
Poiling of meat, fruits, 


MATERIALS 
Lunch brought by 1. 
teacher: ham sandwich, 
milk, apple, preserves, 
vinegar, yeast. 


Same as for 1. 


MEttables. 
B eig of bread. 
ciriges of preservation: 3. Cafeteria refrigerator. 3 
aton; Self-sealing jars. 


Benzoate of soda, sugar, 


salt, vinegar. 
Aurcomycin, Terra- 


ookin š 
Dryin g and canning. 
ing and i 

ntibiotics chemicals. 


4. Food and bev: mycin, streptomycin. 
Ing: erage mak- 4. Yeast, sauerkraut, 4. 
Bread maki cheese, vinegar, glass 
auerkraut maki tubing, rubber SE 
inegar, mal Ing. test tubes OF ottles, 
Toot beer alt beer, and sugar OF fruit juices 

ii iscussio Risking: limewater- 

Scope ion and micro- 5. Microscopes cultures S: 
bu with the made in previous ex 

6 in rats agi involved eriments. Simple mi- 

i Ode E S crotechnic apparatus. 
athletes imples, boils, 6. Pictures 5| ecial micro- 6. 
“Au,” : foot, colds, scop? slides, specimens, 
oho EROR pox, lanter. 
dro e diphtheria, hy- 

Phobia, etc siad 

ye Pidemics, d 
ii of diseases: Bac- 7. Cultures of bacteria, 7 
Viruses molds, protozoa, molds, and protozoa 

ee made by class, and spè 

Teventi cially prepared $^ 
Ti a and cures; 8. Cultures of bacteria 8 
tion, drugs, vac- made in das. Com 


C. 


i Demonstrations, 


he principle of ecology. 


(3) An appre- 


f the relations between microorganisms and 


MerHops 
Act of eating and ques- 
tions. 


. Discussion in prepara- 


tion for the experi- 
ments. 


. Presentation as prob- 


lems on ways of pre- 
serving. Student experi- 
mentation for class dis- 
cussion later. 


Student experimenta- 
tion, class discussion, 
teacher demonstration. 
Isolation of some mi- 
croorganisms. Assign- 
ment of reports for 6. 
Class group and indi- 
vidual work. 


broth, agar, 
and potato of organisms 
from pimples, infec- 
tions, nose, mouth, etc., 
for later examination. 
Special reports. 


Cultures in 


exam- 


cultures, an 


jnation of 
class 


individual 
discussion. 


and 


. Preparation of tests of 


antiseptics On cultures. 
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A. SUBJECT MATTER B. MATERIALS C. METHODS 
cines, toxins and anti- mon antiseptics: Lister- Reports of observa- 
toxins, quarantine and ine, Pepsodent antisep- tions, trips, and read- 
isolation. tic, bichloride of mer- ings. 
Elimination of sources cury, iodine, Lysol, 
and carriers. phenol, antibiotics. Vac- 
Immunity and resistance. cine tubes. 
Study of types of com- Mosquitoes, flies, bed- 
munities and neighbor- bugs, ticks. 
hoods. 


D. GROUP AND INDIVIDUAL PROBLEMS AND PROJECTS. 


1. Fermentation and its products, a summary. 

2. Life-history study of a mold culture with the preservation of spores for future 
cultures. 

3. Special methods of preparing culture media. 

4. Visits to type neighborhoods, garbage- and sewage-disposal plants, waterworks, 
packing house, cold-storage plant. Special group reports on each. 

5. Lives of several great scientists working in the field. ae 

6. Special display of posters, booklets, clippings of advertisements of antiseptics, 
cures and treatments of infections and germ diseases. 


E. Eval VATION OF THE ENTIRE STUDY MADE IN PART IV. 


1. Critical oral discussion of some of the reports made in class, especially the 
posters and booklets. (Grades given by teacher after class dismissal.) Two 
days. 1 
Rapid factual quiz by teacher. Spelling-bee type. 

Grading of most of the special reports. ` P 
Objective test on meaning of terms, recall of facts, ability to apply generaliza- 
tions, problem solving. 


DSN 


This teacher felt that she should have her students devote approximately 
15 class periods to the above amount of work. One can see that it would be 
difficult to cover the amount adequately in less time. It is a good, compact, 
rather complete plan which, because of its arrangement, can be followe 
easily by the teacher. It contains most of the criteria for a good plan listed 
above: objectives, mode of attack, materials, problems and demonstration: 
and evaluation. Its condensed character, however, prevents a very comple p 
presentation of its mode of attack and the details of its special methods which 
the teacher must have held in mind. One may note that it is essentially 2” 
outline and might be so written instead of in parallel columns. The outstand- 
ing feature of merit of this type of plan is that it relates, side by side, the 
subject matter with its own materials and something of the methods €m^ 
ployed. 


THE PSYCHOLOGICAL APPROACH 


Many successful teachers, even though they have not analyzed their 
technics critically, are careful about the way in which they introduce eat 
unit of subject matter and how each part is followed through. This is 8°?” 
erally spoken of as the *approach." As students we all have experienced t 
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situation where two instructors taught two different parts of the same course 
and we found that one part was interesting and stimulating while the other 
was not. In some cases the personality of the instructor was a dominant 
factor, but many times we probably remarked that it was the teacher's ability 
to get the subject across to us. This is the student's way of expressing ap- 
proach. One teacher may do it with comparative ease while another may 
labor to do it passably well. In any case it should be given very careful atten- 
tion and should constitute a definite part of the planning. In dealing with 
younger students particularly, and in fields where the subject content is new 
to the student, as in introductory courses, care should be exercised to make 
use of a psychological approach as far as possible. A logical approach may 
appeal to the teacher, but it is essential that this be translated psychologically 
for the student. Take for example the following illustration: 

A student teacher in general biology was confronted with difficulties of 
organization and method. The teacher whose class he was teaching followed 
the text and workbook closely. The subject matter to be covered included 
the gross structures of plants such as roots, stems, leaves, flowers, the parts 
of flowers, seeds, and fruits. It was to be covered in the order given. The 
customary procedure with the class had been the assignment of the text 
followed the next day by oral questions upon the assignment and the 
answering of questions and labeling of diagrams in the workbook. Previous 
results seemed to show that the method obtained little response and aroused 
little interest on the part of the class. The student teacher realized that the 
approach of the text was purely a logical one and that past bad habits of 
attack would result in the pupils learning the names of the parts of a plant 
and the various parts of flowers, seeds, and fruits because they must be able 
to repeat them or to label diagrams with them. Many of these would be 
Promptly forgotten. To avoid this the following steps were decided upon: 

irst, he would not mention the text or workbook for the time being, but he 
would see that the same subject matter was covered by the class. Second, 
freed from this source of information, he would introduce living plant mate- 
tials and make each student an investigator for himself. Third, he would start 
with some of the more obvious observations on these plants, and he would 
let the direction of the study follow psychologically in the direction which 
the class found necessary. A problematic question on his part now and then 


should add stimulus when needed. 


_The plan worked out much as he had formulated it. Instead of being 
Siven as assignment to be read in the text, each student was given à. living 
ean plant and a living corn seedling. With these plants before him, he 
Wrote down all that he knew about them. Such things as roots, stem, and 
pues were already known, but there were structures for Wt. pee 
Haas inadequate, such as seed coats, coy ee M an. 


e equ 
re was a distinct need for new terms and a 
dge. A comparison between bean and 


stem, and root, 
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gested fruits and the origin of seeds and fruits from flowers. Whence followed 
a study of flower parts and types and of pollination. With the a o 
each question a new problem was born, demanding further study for i $ 
solution. Each contained within itself the reason for further study by observa; 
tion, experimentation, or reference to authorities. The acquisition of new 
knowledge was not only a necessity but a source of inspiration as -— : 

The order from plants to germination, from germination to sceds eo. 
fruits, from seeds and fruits to flower structures, and from flower inm 
to pollination seems to run in an illogical direction. Nevertheless it was Fa 
tirely psychological. The reversal from the natural order did not confuse 
student; he learned more facts, he made an interesting investigation, Ns 
above all he experienced a degree of understanding that was not posible y 
the previous method. The interest and response in the class were very gratily 
ing to the student teacher. 


A MODIFIED TEXTBOOK PLAN 


After a little experience it should be possible for a teacher to plan a -— 
that makes use of a textbook and library reference materials in such a em 
that they become useful adjuncts but do not determine the content and mo 
of attack of the course. This is the most valuable use of textbooks. T 
should be used freely by the pupils but mostly as references. D parui d 
beginning teacher often feels that a close reliance upon a text is the T 
method of establishing self-confidence and of ensuring a full-rounded conten . 
The result is a text-dominated course. Once established, it is easier to repa 
it than to modify it. Some textbooks are prepared especially to assist suc 
teachers in following the book without becoming too formal. To this end many 
of these books have included such devices as previews, self-testing and en 
testing and demonstrations and experiments. This has helped some Lm 
in getting away from the routined recitation method, but even oe ppa d 
cannot hope to suit a very wide range of conditions, and the teacher will fin 


: . A : 5 
it desirable to develop his own methods. Again, such books are not alway’ 
the ones selected as texts. 


A Study of the Animal Groups 
Part VI. The Mammals 


; T. Te . f 
Primary Objectives. (1) To gain a true concept of the nature of this group ° 


animals and how it is related to the rest of the animal kingdom. (2) To appreciate 
the importance of this group of animals to man. 


OUTLINE OF THE TEXT METHOD To BE FOLLOWED IN CLASS 

I. Introduction to the Unit. 2,38) 
A. No previous reading or assis” 
ment. —: 

B. Presentation and examination 
all demonstration material. a 
C. Students trace many of the put 
rials to their origin in mamma! 
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A Study of the Animal Groups (continued) 


What a Mammal Is: 
Covering of hair. 

Mammary glands. 

Diaphragm. 

Warm blooded. 


Mammals as Beasts of 


Llama. 
Reindeer. 
Dog. 


Mammals as Sources 
of Food: 

Hoofed mammals: cattle, pigs, 
sheep, 

Others: bear, rabbit, seal, walrus, 


Opossum. 
P 
ATA eohi Mammals as Sources of 
Clothing: 
ool, 
Leather. 
ur, 
P; 
beds ++. Mammals as Sources of 
ther Valuable Commercial 
i: roducts: 
Ory, bone, glue, buttons, orna- 
ments, 


II. 


III. 


IV. 


D. What are some of the peculiarities 
of the mammals from which these 
products came? List on board. 

E. Which of these characteristics are 
found in no other vertebrates? 

F. Are there other characters that 
make the mammals different from 
other vertebrates? 

G. Special reference: Newman, “Ver- 
tebrate Zoology." 


Mammals as Beasts of Burden. 

A. A cooperative project with fine 
arts, manual arts, social science, 
geography. 

1. Man as the original "beast of 
burden." 

2. Types of animals commonly 
used as beasts of burden, each 
studied and presented sepa- 
rately by class members. 

3. Special demonstration of the 
exhibits prepared to accom- 
pany the studies. 


Mammals as Sources of Food: 

A. Primitive hunting as an occupa- 
tion. Report, demonstrations, talk 
by teacher. 

B. Game animals. Modern hunting as 
sport. 

C. Production, marketing, consump- 
tion of common domestic food 
mammals. 

1. Trip to packing house, butcher, 
etc. 


Mammals as Sources of Clothing: 

A. How the pioneers used wool, skins, 
and fur. 

B. Problem on the production of 
woolen products and their con- 
sumption. 

C. Problem on the manufacture of 
leather. 

D. Problem on the fur industry. 


Mammals as Sources of Other Valu- 

able Commercial Products: 

A. Project: The by-products of a dead 
horse. Written, oral, demonstra- 
tions. 

B. Similar projects as suggested by 
class. 
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A Study of the Animal Groups (continued) 
"Baby Mammals Injurious to VII. Mammals Injurious to Man: 
Man: A. Rat plagues and methods of con- 
Rats, mice: disease carriers. trol. 
Cats, as destroyers of birds. . Diseases transmitted by rodents: 
Rabbits, as destroyers of farm 1. Plague. 2. Fever. 3. Tularemia. 
products. C. Rabbit plagues and control. 
Lions, tigers, bears, wolves, as di- D. Beebe (Jungle Books). 
rect enemies of man. Bonsel, “An Indian Journey.” 
(Book Reviews) k 
Par sips sists The Highest Order of VIII. The Highest Order of Mammals, Pri- 
Mammals, Primates. mates: P 
A. Common mammal bones from dif- 
ferent orders to bring out prin- 
ciples of classification. Class dis- 
cussion. 
B. Primate characteristics; claws, 
hoof, nails, etc. 
C. Relation of man to other primates. 
D. Special study of mammalian re- 
production. 
Sex and human reproduction. 
IX. Review and Summary Worked To- 
gether: 
A. An outline of the study of mam- 
mals constructed in class by the 
students (teacher directed). d 
B. Final outline mimeographed an 
given to each student. 3 
C. Extensive set of review questi 
suggested by class members use 


A 3 for study and discussion. 
Review questions from the end of X. Evaluation: 


the text chapter. A. Each student will work upon som 
problem, project, or special repor 5 
B. Each student held responsible P 
the contributions of every othe 
student. 
C. An objective test, final. 


If at the start the teacher does not feel like setting out boldly in bi 
departure from the text, let him at least make a plan which is somewhat of ? 
compromise, allowing him to inject methods and ideas of his own. OPS 
teacher using this method developed the plan shown on pages 50 and 5 
which paralleled the outline of a chapter in the textbook but added a numb" 
of departures from the text and allowed much more class freedom tha 
could have been had from formal assignment and recitation. 


to 


ions 


A TEXT-FREE PLAN 


, f 
The above plan gave this teacher a much needed start in the process vi 
breaking away from the strict adherence to a textbook as a determiner of t 
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course. It will be seen that it offered a number of opportunities for bringing 
in outside materials, for securing individual and group endeavors at special 
problems, and for greatly intensifying the interest and activity of the class. 
The teacher himself profited immeasurably in his technic and sense of inde- 
pendence, as will be seen from what followed. One year later this same 
teacher prepared a revision of his plan which freed him and his class almost 
entirely from the text and resulted in a vastly improved method. Each step 
in the new procedure was represented by a key question which, in most cases, 
was of a rather general and problematic nature. The manner in which the 
plan was arranged permitted its adjustment to a variable time scale. It was 
designed for a class in general biology of tenth-grade level and average 
abilities. The study came late in the course and had been preceded by the 
study of other groups of vertebrates such as fish, amphibia, reptiles, and 
Ds His plan for this new attack is represented in the outline which 
ollows. 


A Study of the Animal Groups 
Part VI. The Mammals 


Objectives. (1) To make the student aware of the great variety of ways in which 
mammals are directly related to man in his health and everyday life. (2) To demon- 
Strate the many ways in which mammals are of importance to man in his industries 
and activities. (3) To increase the student's store of factual knowledge concerning 
this group. (4) To produce, through logical thinking and study, attitudes which 
Will be the outgrowth of the first three objectives. 

Procedure. The approach is to be largely psychological; hence, the first few 
questions are in the nature of recall and review of personal experiences in order to 
begin with what the student already knows. The later questions and statements 
require study, the making of collections, displays or demonstrations, or individual 
and class projects. 

. 1. What are the names of the animal groups that we have studied so far? (A 
list of these as given by the class is made on the blackboard by the teacher.) 

2. How many of you have kept as pets some animals that are members of these 
Broups? (Fish, turtle, frogs, birds are possibilities. These are to be recorded on 
blackboard, Discussion. ) 

3. What other kind of pets have you had that cannot be classified in any of these 
groups? (Cats, dogs, rabbits, guinea pigs, mice, squirrels, ponies, goats, lambs, 
cte. These should be made into a separate list for reference. Very unusual ones in 

"estions 2 or 3 may be the subject of reports or story telling at the time or later on.) 

4. If the pets listed in Question 3 do not belong to any of the groups of animals 
Studied so far, what kind of animals are they? (The name “mammal” may or may 
Rot be used here. The important thing is that the class recognize that this is a dis- 
tinct group.) 

5. What other common animals are members of this group? (This will bring 
Out most of the domestic mammals and many wild ones.) " 
is Besides being pets, in what other ways are these animals useful to man? (A 
arge list of these uses will probably appear and should be grouped under such 

ĉadings as foods, clothing, workers, by-products. ) i 
* Assignment. Each student is to make an inventory of his own home and 
Prepare a list of all materials that he can find that are of mammal origin. (Next 
class period is oral. List made on blackboard. Samples of these materials brought 


Y class for an exhibit. ) 
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8. The display and discussion will consume at least one full period. The mate- 
rials are to be correlated with the particular animal or part of the animal from 
which it comes. 

9. Teacher to furnish a few very unusual samples to stimulate interest. (Glue, 
ivory, fertilizer, chick food with bone or blood meal.) 

10. What other mammals besides those already mentioned could be used as 
sources of these products? (Milk products, for example, may be obtained from m 
sheep, mares, llamas, reindeer, etc., as well as from cows. This study should 
complete.) d 

11. Could any other animal, besides mammals, supply such products as hair, 
wool, fur, bristles, milk products, horn and hoof products? (The answer being “no 
emphasizes these as mammalian characteristics.) 

12. Could any other animal, besides mammals, supply any other of the products 
mentioned? (Meat, leather, bone products, blood products, etc., could be oleate 
from many vertebrates other than mammals. These relate the mammals to 2 
vertebrates completing the idea of their classification.) an 

13. In what other ways are the mammals different from other vertebrates an = 
what other ways are they similar? (Any amount of enlargement can be made up 
the idea of classification.) re 

14. Have you ever reared more than one generation of your pets? If so, how à f 
the young produced? (By hatching and by being born. This introduces thc study © 


A E ku " " '0- 
reproduction, the peculiarities of mammalian reproduction, and human repr 
duction.) 


Suggestions for Enlargement 


Reports upon several major industries based upon mammals and their product 
Natural history, distribution, and food habits of unusual forms. 

Origin and evolution of mammals, as horse, elephant, etc. ish.) 
Original stories about mammals, by students. (Cooperation with Englis » 
- Demonstration of living small mammals for observation and discussion. 
Stuffing of skins or preparation of skeletons. als 
Combinations with fine arts for drawings, paintings, and models of mamm 

- Special trips to packing houses, dairies, zoos, or museums. 


SONA Pwr 


Readings. Special assignments and chosen library references. 


We have noted that the first paragraph of the text gave the student e 
outstanding peculiarities of mammals. If the teaching were to do no m to 
than to impart factual information, this would be very well, but if it si 
allow the student to discover through his study what a mammal i, ther 
should be able at the end of his study to formulate his own definition. cts 
text continues with facts about the uses of mammals and their prodr 
and ends with a list of review questions, all of which, when SGH 
logically, leaves the student with little choice other than to learn the ie 
statements for the sake of reciting them later if the occasion arises. i Jate 
later plan the teacher utilized the fact that the part on mammals comes 
in the course, after the study of the other groups of vertebrates, by bg 
review to introduce the new topic. Thus, the whole class has freshly 1n o ck 
the recently studied groups of vertebrates, and these are listed on the s 
board for all to see. The question about common pets that are memb lass: 
these groups is asked which relates the subject to the experiences of the H 
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Fish, birds, tadpoles, frogs, toads, and snakes are interesting pets but are not 
mammals. In the next key question the teacher introduces the new group of 
animals by tying it into the old. “What pets have you had which could not 
be placed in any of these groups?" Dogs, cats, rabbits, mice, etc., are listed 
separately. They are different. The term *mammal" might be introduced but 
its meaning is not yet apparent. The question *What other well-known ani- 
mals belong to the same group as this last list of pets?" enlarges the scope. 

The next question, “How are some of these animals of use to man other 
than as pets?" is intended to introduce one of the main objectives, that of 
the relation of mammals to man. Their knowledge on this point is classified 
by placing the information under separate heads, such as food, workers, 
by-products, etc. This separation is made definitely useful later. Note that up 
to this point there has been no assignment for reading and the whole pro- 
cedure has been one of drawing upon the student’s knowledge and experi- 
ences and of organizing these for further use. Here the first assignment is 
made which stimulates the class to further individual participation. Each 
pupil makes an inventory of his home and brings to class a list and some 
samples of many materials of mammal origin. After the lists and display are 
classified as to milk and milk products, products of hair and wool, products 
of horn and hoof, the next question is brought forth: “What other mammals 
besides those mentioned could furnish these same products?” The answers to 
this are of such a character as greatly to enlarge the factual knowledge of 
the class as well as to stimulate interest. It should be followed closely by the 
question, “What other animals besides mammals could furnish these prod- 
ucts?” This is a very important question pedagogically since the student 


draws fully upon his past knowledge as well as upon what he recently has 


learned about mammals. Since no animals except mammals could furnish 


these products, the student has derived the chief characteristics of the mam- 
malian group without being told that they are such, as is done in the very 
first Paragraph of the text. 3 

When he has answered the next question, “What other animals could 
furnish such products as meat, bone products, leather, blood products, etc. ?” 
he has arrived at the rest of the information that is necessary to complete his 
understanding of classification. The last two questions had led the student 
to see that mammals differ from all other vertebrates in a few very funda- 
mental respects and that they are much like other vertebrates in many other 
respects, This is the essence of taxonomy. Tt is decidedly better for him to 
have deduced it for himself than to have been told the facts at the beginning. 
And there has been no tedious memorizing of a scheme of classification for 
: € mere sake of knowing it. A study of reproduction of mammals could 
logically follow if it is not placed elsewhere. , 

In this approach it may be seen that each step leads to the next by arousing 
à question or a feeling of need to o farther. The desired facts are all covered, 

€ interest is maintained, reading is done as an incidental part of a particu- 
ar problem and for that problem, and there is every opportunity for variety 
of learning, individual and group participation, and a considerable amount 


9f coordination and deductive and inductive thinking are required. 
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THE ASSIGNMENT 


In the early American public school the teacher was a taskmaster. His 
principal duty was to set tasks for the students and then to sec that they 
were done. These tasks were the assignments. Later the assignment was re- 
tained but consisted largely of solving problems and reading in textbooks. 

. These older notions of the assignment are slowly passing away, and the 
modern assignment has become a part of the motivation of the classwork. 

Many writers have strenuously opposed the misuses of the assignment as 
it is often practiced. First among these is the assigning of pages from the 
text to be read and remembered for the recitation. It is so easy for the 
teacher to make such an assignment in less than a minute. If done at the 
end of the class period, it is likely to be neglected until the bell has sounde 
for dismissal. The student's attention is lax at this time, there is confusion 
and noise, and books are being closed and put away. The feeling of respon 
sibility has faded. Under such conditions the teacher attempts to comman 
attention by speaking loudly and hurriedly, which is more likely to augment 
the confusion than to dispel it. The alternative that suggests itself is to make 
the assignment a definitely planned part of the day’s program and possibly 
give it a place at the beginning of the period, This has an obvious advantage 
but also has the disadvantage of formalizing the assignment and of causing 
it to be out of place psychologically. The position of the assignment has 
been juggled about in a rather vain effort to establish a proper fixed plac 
for it. There were, and still are, those who strongly urge that at least h 
of each class period be devoted to the assignment and the other half t° 
supervised study or recitation. Without entering into further discussion as t° 
the merits of these suggestions, it will be seen that they are based upo” f 
formalized type of class procedure. As long as the assignment is a. matter e 
problems, pages in the text or special report, it may be done in this forma" 
ized manner. As to where they occur and when they are given, there need 
no set rule. Let them be clear, definite, and within the abilities of the student? 

The newer practices of teaching by large subject-matter units has don 
much to minimize the daily assignment and calls for a large previewing o 
the unit and for the combining of the general assignment with the introduc” 
tion. This was most successfully carried out by one student teacher who ex 
hibited unusual skill for one without experience. He would end one unit x 
subject matter with a quick summarizing review of all the principal points. ; 
would then continue without interruption into the main topics of the ne* 
unit, contributing some points of special interest and propounding problem? 
and questions which attracted the attention and aroused the curiosity © px 
class but which they were, for the most part, unable to solve. When the EC 
terest was sufficiently aroused, this teacher would announce that all fne 
interests and many more would be satisfied by the work which would o 
undertaken during the next week or so of school. Thus his initial assign oe 
was a period of stimulation and problem setting. Subsequently many 1” 
vidual assignments were necessary, but these were given as needed. ry 

In lesson plans such as that on mammals given above, there are no bs 
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special assignments called for until several days after the study has been 
initiated. There arise throughout this part of the unit numerous places where 
problems, experiments, demonstrations, and readings call for special assign- 
ment or, one might almost say, assign themselves. This is the ideal type of 
assignrnent when the student feels the necessity for doing some part of the 
work for a definite reason. To solve this problem he must actually choose an 
assignment himself, sometimes with the help and encouragement of the 
teacher. In Chap. 2 is an illustration of how a biology teacher assigned a 
large unit of work by merely placing a microcosm in the classroom and 
allowing the problems and questions which it elicited to constitute the 
groundwork of the study which followed. In these cases the assignment and 
the motivation are self-initiated and self-sustained, and the teacher becomes 
a counselor, guide, and source of inspiration instead of a taskmaster. 

When high school students are habituated to the use of a single text and 
not accustomed to the use of a number of reference sources, they are unable 
to take an assignment that is not specific down to the exact pages and to 
work it out, This results in many college freshmen being lost when it comes 
to their doing reference work of a general character. They scem to be un- 
aware of the fact that books generally have an index or in some cases a good 
table of contents, They should be trained to do reference work from a num- 
ber of sources and to interpret the meaning of words and their synonyms. 
They learn this quickly when it is demanded, but they also quickly become _ 
accustomed to looking for specified pages when this is done for them, and 
they will look no further. There is nc reason why high school and college 
students should not be able to do a good job of reference work for themselves, 
and to do this for them at all times is a sure means of handicapping them 
or later work which they should be able to do readily for themselves. Some 
assignments may require this definite form of page reference, but a properly 
trained student will be able to do it for himself when the occasion demands. 


PROBLEMS 


1. The preparation of a biology course (a class project). This project is designed 
to include an entire methods class or at least 10 members, if the class is large. It 
should not be started until the subjects of objectives, organization of courses, and 
planning have been thoroughly covered. Testing may be taken up while the project 
15 under way, In colleges where but one semester (or quarter) is devoted to methods 
1 biology, the project should be started not later than the middle of the term. The 
ollowing steps explain the plan: : y 

a. Preliminary assignment. Each member of the class is to examine several 

biology texts and then prepare a list of the subject matter which he thinks 
should be included in a course of this level. 

b. First class discussion, The entire class agrees jointly upon a list of topics and 

their sequence. 


Project assignment. Each student (or two or more working together) should 


€ responsible for preparing a detailed plan for the teaching of one of these 
subject-matter units. The plans should be fairly uniform, indicating clearly 
(1) the details of subject matter, (2) special assignments, (3) materials, (4) 
demonstrations, (5) problems and projects, and, finally (6) a self-test and a 
teacher’s test. 
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d. Second.class discussion. Each completed teaching plan should be presented in 
class for final suggestions and revised accordingly. : 2 

e. Final product. It should be placed upon sheets of uniform size, bound in : 
temporary binder, and kept in the library for all to examine. If facilities Ri 
available it could be mimeographed or hectographed and each member of t 
class given a copy. ; . E. 

2. Prepare an explanation of what is meant by a Morrison unit. Illustrate y e 
explanation by selecting subject matter from a botany or zoology text and uad 
ing it into an outline of such a unit. Present this to the methods class for een 

3. Using the first plan outlined in this chapter as a model, select a di ee 
topic and construct a detailed plan giving all the plan elements suggested, estim 
ing the time that it should consume when used. EA af 

4. In Part Two, Chap. 11, is a suggestion for studying the life of a limited area 
land. Take the suggestions given in the project and build a plan for teaching 1t. 
doing this select an area near your school and map it for your plan. : hing 

5. In Part Two, Chap. 15, you will find an abundance of material for teac! e 
the subject of photosynthesis. Make a detailed plan for teaching photosynthesis "^ 
an eleventh-grade class of botany. Choose several pertinent demonstrations, pdt 
them and present them together with your plan to the class in methods for t 
criticisms and discussion. 

6. Take the topic “The transpiration of water in plants" (see Chap. 20) ly 
develop a plan for teaching it in such a manner that the procedure is es 
psychological. Present your plan for class discussion, emphasizing its psycholog 
aspects. f hapter 

7. Take from a secondary school text in some biological subject any € ie 
which seems to you to be written in the logical style. Outline the chapter. Now P 
pare an outline of the same topics arranged psychologically. ter 

8. Using the ideas of a modified text plan as given in this chapter, take a - 
from a biology textbook and work out a plan for teaching the same chapter 
considerable modification, as was done in the example given. veio SERED 

9. Choose a unit of subject matter and prepare a method of assigning it 
biology class. Present your method for class discussion. 


and 


a 
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CHAPTER 6 
-4 The Program Should Be Evaluated *- 


" I3 32. 
While everyone who has gone to school is familiar with the pes asi 
and “examination,” it is hoped that the term “evaluation” wil cary A 
nificance which will not become synonymous with these better o what 
To test or examine means to try the student in order to discover mo 
extent he may have attained the standards set for him in the ee evalua- 
teacher. Evaluation is intended to do a great deal more than this. An CXII do 
tion program, which should be a part of all teaching po ads db 
three things in particular: (1) It will measure in every sense tha ad 
examinations are supposed to measure. (2) It will motivate, E y dis- 
inspire the student in the pursuit of his studies. (3) It will teach ] pa Uh 
closing to him his strength and weakness, by indicating clearly x taining 
progress, by showing him where emphasis needs to be placed, Pan ini 
him in ways of obtaining more knowledge, and by giving him prac 
application to life situations. ET 
PE he making up and grading of the ordinary test, in the form of ^ el 
questions, is relatively simple, but the establishing of an evaluation Pete un- 
is decidedly more complex. While at the start it is more difficult ap addi- 
initiated, the results are proportionately significant and well worth t id 
tional effort. We are at present in the early stages of what ee as 
educational revolution, and it behooves every beginning teacher as n, no 
those of experience to keep in touch with all progress in this eos nts 
because it is another newfangled idea, but because evaluation bn newe 
scientific approach to an analysis of much that is fundamental int pim 
education. It is the purpose of this chapter to discuss and illustrate d 
the simpler technics which are being employed by experts in this field. 


THE BASIS OF EVALUATION 


: ram 
Objectives. Regardless of the subject-matter field, the iia on prog. we 
should be based upon the objectives set up for the course. In C Spring of 
stated and discussed the following four major objectives for the tea 
biological subjects: 


1. The acquisition of information 

2. The development of methods of thinking 

3. The induction and application of principles 
4. The formation of attitudes 


60 
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If these are valid primary objectives for the teaching of biological subjects, 
they consequently must be a valid basis for an evaluation program. Such a 
program would assist in accomplishing the objectives as well as measure the 
degree of attainment. (1) In other words, this program would provide tests 
and instruments for measuring the kind, amount, and duration of retention 
of the factual information as acquired by the students. This is an ancient 
objective in education and well known to all. (2) The development of re- 
flective or scientific thinking is much newer and, although recognized by 
some for a long time, little has been done about it in teaching and still less 
in testing. Therefore, our evaluation program should offer a means of guiding 
and developing this extremely important quality in the student. It should 
furnish him with problems to solve and a way of discovering for himself how 
well he is able to think scientifically and what progress he is making over a 
Period of time. This information is as important to the student as to the 
teacher. (3) As a result of his ability in reflective thinking, he should be able 
to induce generalizations and to make application of these not only to similar 
Scientific problems but to the problems of his everyday life. If the student is 
to achieve success along this line, he should know his mistakes and how to 
Correct them. If the teacher is to assist him, the teacher also needs to know 
these abilities and shortcomings in order to be able to visualize his needs 
and his degree of progress. The evaluation program should be a means of 
assisting both in accomplishing these ends. (4) Over a period of time, as from 
the beginning of a semester to its close or from the opening of a school year 
to the end of that year, the student will progress in his factual knowledge, in 
his ability to think scientifically, and in his ability to generalize and to apply 
Principles. It should follow as a result of all these that his attitude toward the 
Problems of life as well as toward those set up in his field of science should 
be modified and in some instances completely altered. This certainly is one of 
the most desirable outcomes of science in education. To be able to measure 
ti 15 progress of the student is, therefore, an important function of evalua- 
lon. 


TYPES OF EXAMINATIONS IN COMMON USE 


In the effort to measure the learning of students, many € have pio 
vePloyed, The most ancient of these devices is the pe nt P Ke 
method Its use is almost universal. Most attempts at on eis bs 
egre have centered around the modification of the type oe aie 
cach ation of the question lists, and objectifying the quema F re: 
Scien ers seldom go beyond these, although sometimes, gpa A bala 
inc Ces, “practical” examinations are given in which the questions Ped 
ea Nan with materials and apparatus, OF manipulation tests are gr 

~ Student’ ical skill is suppo i“ 
eresia ae coe ca altes directive of most schooling 1s the 
a lis aon of factual information, t 
the feld representative questions cover! 
een Je, This places a premium upon 
arning and testing are long, it P 
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. . id 
well. Various kinds of questions are used for aio Ael 
stand-by is the essay or discussion examination in which e e 
freely in his own words the answers to specific interrogations. Mose 
examination has some virtues not found in most of the more m erbally and 
It permits, in fact requires, that the student express his E — nube 
thus do his own recall and his own exposition. In many of the - by other 
test types these valuable qualities are missing and must be ns is open to 
means. Oral questioning tests a different mode of expression 
the other criticisms that may be applied to the essay type. irc: 
So-called thought questions may be employed in the ger i En In 
tion in an effort to test the thinking or reasoning powers of t s iency oft@ 
these it is always a source of difficulty to say how much of the j? - «MÀ 
poorly written answer is due to lack of learning of the facts, hov sr with 
lack of retention in time, and how much to inability to reason corre xd 
known facts. Hence the teacher does not know quite what he has + grader 
nor how to go about the correction of the weakness. Suppose that hs ocess 
decides that a student deserves but half credit on his discussion of a P vios 
of photosynthesis. To what was the deficiency due? Was it lack o it d 
background which hampered his understanding? Was it poor m to new 
classwork or assignment? Was it inability to apply generalizations wh 
situations? The inadequacy of such questions for making definite gs extent 
ments is apparent. A second objection to the essay examination is t ‘suppose 
to which its scoring must be subjective. By way of illustration let us Psion 
that the teacher asks for the same discussion of photosynthesis. Tke ripe : 
is general, and the answers are as varied as the number of individua ; dest ee 
class. Then it becomes the teacher’s duty to decide upon the "— chis is 
of correctness of the thirty or so answers. Anyone who has attempte cr rea 
well aware of the sense of inadequacy of his judgment. The first wage t after 
must be weighed against the teacher’s own standard of excellence, vd 
eight or ten such answers have been read, one is almost sure to comp differ 
answers with each other instead of with the original standard. When some" 
ent teachers grade the same questions, great differences in values A de 
times assigned to them. Even the same teacher will assign different p : 
the same answers if considerable time elapses between gradings. a and 
student’s answer is often vague and its true meaning elusive. Wor ore 
phrases are employed which seem to imply that the writer had the “ea 
answer in mind though it is not clearly expressed. The teacher must Noc 
if this is right or wrong. This is what is meant by the subjective aco re* 
such grading. A third objection to essay answers is the amount a P is evi- 
quired for the scoring. Using the same question on photosynthesis, 1t ent 
dent that any answer that does justice to the question in even an elem 


j amou 
way must be a lengthy one. Ten such answers would entail a large 


ec" 
of writing by the pupils and much reading time by the teacher. The E 
tion, however, is of little pedagogical importance. 

Objective Types. To avoid the indefiniteness of measurement 7 
effects of the personal equation inherent in the essay type of ws 
there has been devised the objective (new type) examination, the g true” 

` forms of which are well known to the teacher. There are such forms 4 


d the 
tions 
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false, multiple choice, matching, and completion. (1) The simplest and by 
far the most widely used form of objective test is the true-false. In it the 
examiner gives statements which the students check as being either true or 
false, This requires no weighing of answers since they are either right or 
wrong. Hence, the subjective or personal factor is eliminated from the grad- 
ing but, of course, the establishing of the grading key is largely subjective. 
This ensures exact uniformity of scoring. The objection that a student can 
guess and make a grade of 50 per cent on this type of examination is elimi- 
nated by grading the number right minus the number wrong, thus placing a 
penalty upon guessing. It tests the recognition of correctness but allows 
No: opportunity for student expression and calls for very little memory, thus 
being too limited to be used extensively as an instrument of evaluation. (2) 
A modified form of this objective test is that known as the multiple choice, 
in which the question is asked, or problem stated, and a number of answers 
are given with it. Some of these answers are correct, and some are incorrect. 
If the number of choices approximates as many right as wrong, the score is 
found by subtracting wrong from right as in the case of the true-false type 
above. Samples of this kind of questions are given later in this chapter. (3) 
Matching is another type of objective test that is widely used. It takes various 
forms. In some cases a list of words may be given together with a list of defini- 
tions. The student’s part is to match the words with the correct definitions. 
In other cases diagrams are given together with a list of numbered terms to 
be used as labels. The problem for the student is to match the guide lines of 
the drawing with the numbers of the correct labels. These questions test the 
Correctness of the student’s recognition but do not require much recall and 
Very little application unless the recall involves a series of steps and is not 
direct. For example, the statement is made, “The energy used in writing this 
examination is indirectly dependent upon photosynthesis." The student is to 
mark it as being true or false. Provided that this application has not been 
made previously during the study of these processes, the student must recall 
the storage of energy from light by the plant in producing sugar fiom which 
animals obtain the energy again through oxidation. (4) Completion tests 
are also widely used and may be made reasonably objective if care 1s used 
to avoid ambiguity and vagueness of meaning. The completion test consists 
Of a statement of fact, with one or more words missing from the statement. 

lanks are left where the student fills in the missing words. There are two 
Sources of weakness in the construction of these tests that are not easy to 
Overcome, First, the statement designed by the teacher often may be com- 


Pleted in a logical fashion by the use of one of a number of different terms. 


the student guesses the word which the teacher had in mind, he scores 


Correctly on the key, but if he chooses a different but perfectly relevant word, 
€ is incorrect. When this ambiguity occurs in a test, the grader should, of 
Course, give credit for any of the correct answers. The following is a sample 


9f such an item: 
In Sexually reproducing animals new individuals arise OM. «senescere s 


The teacher may expect the blank to be filled in with "fertilized eggs," but 
* student may use "germ cells" or “gonads” and be perfectly correct. The 
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second type of weakness comes from vagueness due to the frequency of the 
blanks. The following sample illustrates the point: 


The blood from all over the body is carried through two large ............ E 
called Pies some ees THES tB... e oos The contraction of the ....... Le eS. 
blood through the ............ valve into the ............, Contraction of 
LEN SU TUS wn drives blood through the ............ valve into the ....... ss 


which carries blood to the........... 
In all the above types of objective tests, true-false, multiple choice, rng 
cr completion, two facts stand out. (1) The subjective element involving t 

grader’s judgment is Jargely eliminated. (2) Recognition is tested which may 


but whether it is memory or judgment is not always apparent. a 
Other Subjective Types. There are types of evaluation that are of value 


Check one: 
I prefer: 1, A 


ys quiet evening reading by the fireside. 


n evening at the motion Pictures, 


a questionnaire may furnish. , 


THE PROGRAM SHOULD BE EVALUATED 65 


Whatever, such as notations concerning the student's health, a record of an 
interview with the student, a notation to the effect that a student once made 
a strong declaration of intention to succeed in a certain life work, or a series 
of observations made at intervals showing the progress of some student in his 
ability to think scientifically. These are purely subjective but are valuable 
in making an analysis of the student's personal characteristics. Such anecdotal 
records may offer a means of accumulating types of information about a 
Student which are not obtainable otherwise. In guidance and other personal 
dealings, they are indispensable. Teachers sometimes try to retain such in- 
formation in their minds, but unless the number of students is small and the 
pupil-teacher relationship long this is ill-advised. It makes a iot of difference 
in the teacher's ability to deal wisely with the student to know that a boy 
does excellently in school in spite of the fact that he must go a long way 
home after school and spend the rest of the afternoon doing chores on the 
farm, or to know that a timid seemingly unsocial girl was a semi-invalid for 
three or four years of her childhood. Observational records, well kept, may be 
a valuable part of evaluation. 

The student's record of his own activities is another form of anecdotal 
record that may prove valuable. It may consist of an account of his activities 
Outside school for a given period of time. It might be a record of his proce- 
dures in carrying out an individual project or his share of a group project. 
In the latter case each member of the group should keep such a record so 
that all of them may be summarized as a complete account of the project. It 
Could consist of the records of field trips or the log of a journey or summer 
Vacation. It may deal with matters connected with the subject matter directly 
or with widely diverse subjects, and it still will be of service especially in 
those phases of evaluation involving self-analysis and teacher-pupil relation- 
Ships, 


STARTING AN EVALUATION PROGRAM 


To the teacher who is unaccustomed to anything more than the giving 
of Ordinary examinations, the idea of setting up an evaluation program looms 
as a gigantic task. This is probably because he visualizes the complete pro- 
Bram in a finished form and notes the diversity of its elements. But it is gen- 
rally best to go slowly in establishing a program and allow it to accumulate 

uring a year or more of preparation. It is, furthermore, both advisable and 
advantageous to work in cooperation with one or more fellow teachers and 
Possibly with the administration. Even if this is not possible, the teacher will 

nd that one or two years of individual effort upon first one and then an- 
other of the various steps will net a large gain which is entirely lost if nothing 
I5 attempted. Another encouraging factor is that in the program suggested 

elow many steps require but little work on the teacher’s part and less 
class time than is at first evident. j 

Each teacher may decide for himself which features of evaluation are of 
Most immediate advantage to the needs peculiar to his situation, but the 

9llowing list is suggested as representing a balance of essentials which would 


€ a good program as it stands. 
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- Previous records, including past achievement and intelligence ratings 
- Socioeconomic rating of each student 

- Pretesting and retesting 

Self-testing and self-analysis 

Progress rating and analysis by: 

a. Self-testing versus teacher testing 

b. Individual rating checked against class rating 


eR ONE 


Let us now take each of the phases of evaluation separately and in more 
detail. 3 not 
1. Past Achievement and Intelligence Records, The teacher should 
start the term with a new class without obtaining these two important — 
for each student. All schools may not have intelligence test records, but t 
past achievement is a matter of school records and is perhaps more mpo 
tant for the teacher’s use. There are school principals and superintenden 


understanding the 
vidual apart from 


. LH £ l 1 
e information of past achievement is a valuable to . 
the teacher's hands i 


è E un 
mind that each pupil is to stand en the record of his new achievement ¥ 
biased by the old, . 
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limited economic standing of the family are not conducive to high-grade 
homework. This knowledge serves the teacher well in dealing with the stu- 
dent. It does not mean pitying the boy and granting high grades for poor 
work. It means understanding his problems and doing all that is possible to 
adjust his school time to the best advantage. The case of the second student 
shows that he is an only child who has money to spend which he does not earn 
by his own efforts. His parents have a good income, and he is permitted to 
use his leisure time as he sees fit. Because of this he has acquired outside 
social interests and activities which have required as much of his time and 
energy as has the work done by the other student. This is not a case for drastic 
penalties but calls for intelligent maneuvers and a cooperative understanding 
with the parents. 

Many other important points of information such as health, home and 
family conditions, and social activities may be obtained from the socio- 
economic questionnaire, a sample of which is given below. Such a blank 
should be made up by the teacher (when not done by the school) and modified 
best to suit his own purposes. Great care must be exercised to ensure against 
creating a feeling on the part of parents that too much of a personal inquiry 
is being made. Most persons resent this and will not cooperate. For example, 
the occupation of the father and whether any other member of the family is 
employed will tell accurately enough what the income of the family is with- 
out asking for it in figures. This questionnaire is very valuable but takes 
almost no class time since it may be passed out to the pupils, filled out at 
home, and returned later, or with mature students may be done in class in a 
very few minutes. 

It will be noted that the first two steps of our evaluation program have 
been of such a character as to require but little teacher and student time or 
effort and yet offer great advantages for the teacher who wishes to under- 
Stand the problems of the individual student. a 

3. Pretesting and Retesting. In the third division of the evaluation pro- 
gram the teacher is confronted with the problem of building a test which is 
Very general and inclusive and which is varied in the things which it will 
Measure. This takes time and careful preparation. It has to be prepared 


efore the beginning of the school term since the pretest, as the term implies, 


must be given at the beginning of the study. The pretest must include ques- 
t . For example, (a) there 


tions that will measure the objectives of the course i e 
Must be questions that call for factual knowledge of sufficient scope to furnish 
adequate samples of all the term's work. (5) There must be problem questions 
to test the student's ability to think scientifically. ( c) There must be ques- 
tions that will call for inferring generalizations and applying generalizations 
to new situations, (d) There should be questions which will give the student 
HE Opportunity for expression of attitudes of various Bu en object 
the Pretest is to give the teacher a cross-sectional view © the backgroun 

: ter field included in the course 


and ste as 
Which ding of the class in the subject-mat "her a picture of the 
Tt shows what parts 


Positi they are just entering. It furthermore gives the tea 

5 to the same points. ) 
hat parts are entirely 
re a guide to assist 


È ae each individual in regard ree aes, 
MISIT i ]l known to the class, 
e already fairly we as pcre 


new 
» And where emphasis needs to be p 


OUESTIONNAIRE 
For Determining Social, Economic, and Guidance Problems * 


DD Lasers Mesue. SIMUNI a ce opcra svo nasa 

Pitino sie mallee ihn Mw PURA Ma "— 
Sh Where born ................. Are both parents 

er ie tins... mos No. older sisters ..... Younger ..... 

Occupation of father . Where employed . xar esa evadunt 

Other members of the family working ............ Occupation ....... 


i do 
Do you have use of a car for your own affairs? ....... About how bs huc Pos 
you have to spend for yourself per month? .......... Do you work for any 


Have you traveled? ........ WUT ce. o ME eee When? sees sumerini 
Do you play a musical instrument? ......,. WHEE SOR. Iw: 5 cats Sing? .....--- 
Do you do any kind of art? ,..... TCD cs EM, ours Neues 
What work do you think you would like to do when through school? ...........«- 

© you expect to go to school after high school? ........ Were?" 1. uus cai 
Will you have to earn part of your expense if yaugo?.....,.. How much? .... is f 
Give the names of the clubs, societies, or organizations of which you are a membe 
In general do you think that your health has been poor Fair 5 sas, good ...-- 
Check any of the following which you have had: 

hooping cough ...........- Measles... mnia Lut Chicken pox isisa t 

LLL? ci A M Scarlet fever |... Typhoid fever .........se 
Diphtheria ,.......... Poliomyelitis 2.0.2... Tonsils removed ........- d. 
Adenoids removed... Appendix removed ............ Teeth removed; 
NUMBER Mss ices ae oe Frequent headaches ..... Frequent nausea ....+ ++ 
Serious accident bmi xis E CON a Moni ct aenad 
Mental test score ...... Reading test score... Achievement test 
BOOTS cabe csi ons au 
Additi 


onal information from conferences, etc. 


*This questionnaire is intended as a sample and should be modified to suit the pur- 
Poses of your own classes, 


THE PROGRAM SHOULD BE EVALUATED 69 


the teacher and the class in charting their course for the semester or year. 
But there is a second vital use for the pretest. It should be repeated, without 
alteration, as a final examination, or retest, at the close of the term. The 
Scores made upon each part of the retest are then recorded opposite the 
corresponding scores made upon those parts at the time when it was given as 
a pretest. The differences in the scores represent to some extent the degree to 
which the student may have profited in that respect by having taken the 
Course. For example, if a student scored low on knowledge of facts on the 
pretest but high upon the retest, the difference in the scores is an index to his 
acquisition in this phase of the course. However, if a student scores high 
upon any or all parts of the retest and reference to the pretest shows that the 
score was high at that time also, the net gain was small. If a student's score is 
but slightly above average on the retest but very low on the pretest, then the 
net gain was large. Thus, pretesting and retesting offer some means of indi- 
cating progress from beginning to end. While this may appear as a rather 
large amount of work, the teacher should not lose sight of the fact that it 
would be necessary under any method to make out a comprehensive final 
examination and that the pretest is nothing more than having such a final 
examination prepared ahead of time so that it may be given twice. This will 
mean no extra amount of work except in scoring, but if the questions are 
mostly of the objective type the scoring is quite simple. Extra class time of 
One or more periods is required at the beginning of the term for pretesting. 

4. Self-testing and Self-analysis. We now come to that part of the cvalua- 
tion program which will yield the largest returns to the student. The idea of 
self-testing has become rather widespread, and some form of it has been 
included in a few texts and workbooks. In most of these books it amounts to 
little more than a short set of review questions upon factual content of the 
Course, Such questions are of some assistance to the pupil in testing his mem- 
ory, but they usually test little else. The self-test should be as comprehensive 
in scope as the teacher's test. It is no adequate test for the student if he is 
able to remember facts recently read but is given no occasion to apply these 
facts or reason with them before the final teacher’s test. The self-test must 
Measure all that the teacher’s test measures. It must be sufficiently compre- 
€nsive, diversified, and diagnostic: comprehensive to ensure its reliability, 
diversified to ensure adequacy, and diagnostic to ensure the benefits derived 
rom a measurement of various types of learning. For each self-test a correct 
Score or key must be given so that the student may keep a record of his self- 
test in each type of learning. A form should be used to make it easy for the 
student to record the results of each learning skill separately so that he may 
make comparisons from one test to the next in order to discover wherein his 
Strength or weakness lies and whether he is improving as time passes. In 
other words, each part of the test should measure the student’s progress 
toward one, and only one, of the objectives. If it is not diagnostic, it cannot 
do this. If it is diagnostic the student may very readily analyze his own degree 
Of success, and he will take special interest in doing so. Such a record and 
analysis give the student a sense of personal responsibility for his success and 
give him and his teacher a common basis for discovering and working out his 
Problems: This has a marked and highly desirable psychological effect upon 
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the student. He feels that the test is an instrument by which he i 
his own standing and measure his abilities rather than a = he 
between himself and the teacher in which the teacher makes a » en 
and is out to get him. The golfer likes to play his game even when em 

lay alone b he is trying to better his own score and there is no serious 
play alone because he is trying ip iei hae 
penalty when he fails to do so. If he does not succee ^ pls uia 
The student may acquire the same attitude toward his sel ieu ON 
ing a self-testing program the class average should be made m " we 
the student may play against par. He should also know the igh a € 
scores of the class in order to place himself in relation to his ener se 
thus engage in a harmless sort of competition. The self-tests should Mts 
ciently similar to the teacher tests (never the same) so that success in se = 
will generally be reflected in success with the teacher tests. This ie xe 
serious effort. A careful self-testing and self-analyzing program is one o is 
strongest forms of motivation and one of the surest teaching oe he: E 
properly administered. In proportion to the time consumed it offers larg 
returns than do many other teaching methods. : zi 

5. Progress Rating and Analysis. The teacher will expect to give ow: : 
certain intervals. The results of these tests should furnish the major basis y 
rating the progress the student is making in his work. As has been: = 
before, these tests should resemble the self-tests in style and content covere j 
They are to be used by the teacher in analyzing the student's difficulties Fen 
may be checked against the self-tests in this respect. Hence, the teac vi 
tests must be diagnostic to be very useful. Therefore, it is necessary to ae 
to construct tests which will be diagnostic. The beginner may find the bui 
ing of such a set of questions to be rather more difficult and cms 
than the compiling of a list of questions which is not diagnostic. For reis : 
from the ordinary set of essay questions it is not possible to analyze 
student's difficulties. But if the types of questions are so designed that they 
will test memory apart from other things, test ability to apply principles or 
distinguish cause from effect aside from memory of facts, then the gamina 
tion becomes diagnostic. From such an examination the teacher and studen 
may make an analysis of the progress and type of learning. 

The results of the teacher test should be given to the student in the form 
of the score made upon each type of question so that the student may y 
a record of his standing. As in the case of the self-tests, he must have t 
high, low, and average class scores on each part so that he may place him- 
self in relation to other students and appreciate his weaknesses. Checking 
himself against the other members of his class gives his standing. When this 


is repeated with each test, it gives his progress. His standing at the close o 
a semester or year is some measure of his achievement. 


DIAGNOSTIC QUESTIONS AND COMPLETE MEASUREMENT 


Validity. When a test has been constructed and given, its results should 


measure something. If the teacher has decided that the test should measure 


certain types of learning such as memory of facts, scientific thinking, an 
ability to apply principl 


es, then the test must contain questions that are de- 
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signed to measure these qualities. If questions of each type are included the 
test becomes valid in its measuring capacities, but if the questions are all 
of one kind the measurement is not valid. By kind of question is not meant 
the form or structure of the question. Many teachers make this grave error. 
Tests made out by them, tests sold in printed form, tests in texts and espe- 
cially in workbooks sometimes show a great variety of forms of questions, but 
seldom do they measure more than memory of facts. The mere fact that a 
test consists of true-false, completion, matching, and essay types of questions 
does not mean that it measures more than one type of learning. The follow- 
ing example should make this meaning clear. Suppose that after completing 
a study of digestion the teacher asks the following question: 


Explain the digestion of different foods as they pass through the digestive tract. 


This amounts to an essay-type question and tests the student’s memory of 
facts covered in his previous work. If the question is written as true-false it 


might appear as: 


Vega Proteins are digested in the mouth. 
ZI Ptyalin aids in the digestion of starch. 
Or the question may be put in the form of incomplete statements, as 


In the mouth starches are changed to ......5o when mixed with the 


CHEM CP 
This shows how changing the form of the question does not change the type 
9f learning which it measures. 
i On the other hand, let us suppose th 
owing facts: 
l. Foods are digested in the presence of enzymes. 
& pM undigested foods will not diffuse through membranes. 
$: Digested foods will diffuse through membranes i 
Pi Blood carries food to all parts of the body. 
" - Food diffuses from the blood into cells. 
ter this study the teacher asks, 
Why is food digested while in the digestive tract? M 
4. So that it will diffuse through the walls of the digestive tract. 
b. So that the cells of the body may be nourished. 
d To furnish energy to the body. 
- Because it is mixed with enzymes. 


at the class has just studied the fol- 


he is correct, but if he checks a, b, or 
ause of digestion. d is the cause, 
e g that the answer has not been 
sett directly, such a question tests the ability of the student to think sci- 
ally by distinguishing between cause and effect. From this it may be 
ue that the same factual learning may be used as a test of memory or as a 
of thinking. 

ter the student has acquired a fund of information and certain broader 
stug alizations or Ww qa the teacher wishes to test the ability of the 
A €nt to apply these principles to new situations. Therefore, it is necessary 
Put questions into a form which will make this measurement possible. We 


ES 
72 CLASSROOM METHODS FOR TEACHING BIOLOGICAL PRINCIPLE 


" s : soll ase 
shall assume that in addition to the information given in Ss pene Re 
tration on digestion the student also knows what the p - 
of digestion are for the three classes of foods, peret E osa 
fats. The teacher then constructs a question of the following char : 


, x aking it 

A man in a hospital has had a serious operation on the digestive triet te 
impossible for him to eat food for many weeks. The doctors eet Mio? 
by injection directly into the veins. Which of the following shou y 
- They should inject liquid glucose into the veins. 
- They should inject liquid protein e the veins. 

ld inject liquid fats into the veins. a 

The, b M ect a aleate mixture of carbohydrates, proteins, and fats. 
e. They should inject a natural whole food such as milk. 
- They should inject a mixture of starch and water. 


5-78 


Aa 


š inciple 

If the student knows the end products of digestion, if he knows Eg fan 
of diffusion, if he knows the principles of enzyme activity, he shou uer. Bub 
to apply these here and, hence, will check a as the only correct oat pe 
the teacher may go further if he chooses and add the following to 
going question: : " 

In the following list of statements check those which apply directly EJ Your 
thinking in answering the preceding question, and which give the reasons 
answer. 

4. The body will not grow without protein in the diet. PUN ; carbo: 

b. A balanced diet would be more beneficial than either a protein diet or 

hydrate diet alone. 


: e ere into the 

c. Protein and starch are unable to diffuse from the digestive tract in 
circulatory system. iso 
d. Glucose is a single sugar and will diffuse into the tissues from the blood. 


Pe al 
e. A natural food such as milk would be easily digested and furnish all 
elements. 


food 


& 

f. Food must be diffusible before entering the blood stream if it is to be ben 
ficial to the body. 

. Nondiffusible substances would be of no value injected as food. di ested 

- If liquid food is injected directly into the blood stream, it need not be rich 

since it will not have to diffuse through the membranes of the digesa 

i. Any foreign substance injected directly into the blood would prove fatat. 

j. Glucose alone would sustain the body functions for a long time. wi be 

k. Since individual cells may contain enzymes, the undigested foods V 
digested after they get into tissue cells. 


: in think- 
If d, f, g, and j are checked, they indicate a logical series of steps in thi 


A as 
ing, and when rearranged in the order of f, g, d, and j they will rea 
follows: 


NTA 


Food must be diffusibl 
to the body. 
Nondiffusible substances would be of no value injected as foods. 


Glucose is a single sugar and will diffuse into the tissues from the blood. 
Glucose alone would sustain the body functions for a long time. 


‘ 5 e, 
If the statement * Therefore use glucose" is added after each of the$ 


m : a 
makes sense. If it is added after any of the other statements, it does not P 
sense. 


ial 
ER neficia 
€ before entering the blood stream if it is to be ben 


it 
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Such a check list goes a step beyond the thinking and indicates how the 
thinking is done. The correct steps are so disarranged and intermingled with 
other statements, some of which are true and some not, that they could not 
be the means of discovering the correct answer if the student does not know 
sufficient facts and principles and how to apply them. 

Reliability. In addition to being valid, that is, testing for such types of 
learning as are purported to be taught, a test also must be reliable. As stated 
above under Validity, such types of questions must be used as will measure 
the qualities desired, but that alone is not sufficient. Enough material must 
be included to make the test reliable. This is made simple by using the fol- 
lowing illustration: Suppose that you spend five class periods upon a unit of 
subject matter. You prepare an information test that includes all the facts 
studied and amounts to 100 questions. It is completely reliable if it covers all 
the learning properly. But you may find after giving it that you can make a 
random sampling of 50 questions out of the 100 and get about as accurate 
a measure as with 100, Then it is apparent that the test could be cut to 50 
questions and still be a reliable measure of this kind of learning. If, however, 
but two or three questions were asked, it would probably be found that they 
represent too small a sample to offer a reliable measure. 

In order to ensure the reliability and comparability of tests, attempts have 
been made to standardize some of them upon the basis of results obtained 
from giving them to large numbers of students. Some of these are obtainable 
in printed form. Few of them, however, are very diagnostic, and the validity 
is further hampered at times by teleological answers and other questionable 
characteristics of the answer keys. In most respects teachers will do quite as 
well to construct their own tests. If this is done by groups working as com- 
mittees, the work is simplified and the construction is not so difficult for any 
one. It also makes for better examinations by unifying the objectives and en- 
larging the scope of measurement. 


SCORING AND RECORDING 


If measuring the effectiveness of teaching by student progress through 
the semester or year is a desirable objective, it is then essential that the 
Measuring standards be uniform and accumulative. This may be accom- 
Plished by constructing tests each time from types of questions that are pre- 
dominantly objective in order to secure uniformity. Such questions usually 
may be scored by assigning equivalent values to comparable parts. That is, 
each correct answer checked in a true-false question may be assigned an 
arbitrary value of one or two points. With this as a standard other types of 
answers are assigned values of comparable worth. In constructing another 
examination later, the same method of scoring and same score values must 
be used. For example, it would be wrong to assign the value of one to each 
Part of a true-false test at one time and on a second similar test to assign a 
value of two or three points to such answers since progress is to be measured 
by accumulating the scores upon a record sheet (sample below). If uniform, 
Comparable values are not used for any reason on the different examinations, 
it will be necessary to translate the scores into standard values in order that 
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a test of 10 questions may not receive an importance equal to a similar test 
of 20 or 30 questions. This is one of the errors of much of the grading by per- 
centage. The teacher gives a short examination of 10 questions, and a student 
is given a score of 80 per cent. Later another test is given covering twice as 
much material and twice as long and important. Upon this test the same 
student scores 60 per cent. If these scores are averaged, the standing is 70 per 
cent. But if the second examination was twice as large and important, the 
score should have been double that assigned to it on a percentage basis. 


SrupENT's Recorp SHEET 


Self-test 


Teacher test 


Self-test 


Teacher test 


Self-test 


Teacher test 


high | 
low | 
ay. | 


2 Sci. thinking 

3 Principles 

1 Information av. | 
2 Sci. thinking av. | 
3 Principles 


It is much simpler to do as suggested above and grade all tests by assigning 
arbitrary, uniform score values to each part of an answer and by recording 
the results upon a score blank from which the student's standing may 
obtained at any moment by totaling the scores. 

Diagnostic testing is a new, growing, and important feature of moder? 
education, and the progressive teacher cannot afford to overlook it. There 
are many angles beyond what it is possible to discuss here. Those intereste 
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will find greater details and much help from some of the references at the 
end of this chapter. 


PROBLEMS 


1. Make out a list of 10 biology questions which might be answered readily with 
essay-type answers. (a) Convert the first five of these into true-false questions. 
(b) Convert the next five into multiple-choice questions. (c) Select any two of 
your questions and make them into a form which requires the application of some 
general principle. (d) Add to your list at least two different types of questions 
which will serve as tests of attitudes. Discuss the different types of questions before 
the methods class, showing how you went about preparing them. 

2. Take any chapter from a textbook on biology and make a test to cover it with 
all the questions of the essay type. Write out an analysis of your examination to 
show to what extent it is valid and to what extent it is reliable, showing what might 
be done to improve it. 

3. Take any chapter from a textbook on biology and make a test to cover it with 
all the questions of the true-false type. Write out an analysis of your examination 
to show to what extent it is valid and to what extent it is reliable, showing what 
might be done to improve it. 

4. Take any chapter from a textbook on biology and make a test to cover it with 
all the questions of the completion type. Write out an analysis of your examination 
to show to what extent it is valid and to what extent it is reliable, showing what 
might be done to improve it. 

5. Take any chapter from a textbook on biology and make a test to cover it with 
all the questions of the multiple-choice type. Write out an analysis of your examina- 
tion to show to what extent it is valid and to what extent it is reliable, showing what 
might be done to improve it. 

6. Take any chapter from a textbook on biology and make a test to cover it with 
all the questions of the scientific-thinking and problem-solving type. Write out an 
analysis of your examination to show to what extent it is valid and to what extent it 
is reliable, showing what might be done to improve it. 

7. Take any chapter from a textbook on biology and make a test to cover it with 
all the questions of the application-of-principles-to-new-situations type. Write out an 
analysis of your examination to show to what extent it is valid and to what extent it 
is reliable, showing what might be done to improve it. 

8. List a number of attitudes that you might wish a student to develop through 
the study of biology. Make out a list of questions in answer to which the student 
must express his "attitude" on the subject. Let the methods class discuss to what 
€xtent the questions may fail to be a measure of the effectiveness of the attitude in 
daily life, 

: 9. Make out a socioeconomic questionnaire and fill in the items for some boy or 
girl of your acquaintance. Do not use his correct name. Analyze the information 
by making a summary of each group of similar questions such as (a) health, (b) 
Social inclinations, and (c) chief interests. Show various ways in which such in- 
formation might be useful to that student's teacher. 

10. Ask several teachers of biology to give you a copy of some of the examinations 
Which they use. Make an analysis of these on the following basis: (a) How many 
forms of questions were employed? (b) To what extent are they diagnostic? 

ll. Get a set of standardized tests in biology and analyze it as suggested in 
Problem 10. 

12. Examine the self-tests and teacher tests that are furnished with any biology 
Workbook and analyze them as suggested in Problem 10. 
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CHAPTER 7 


-4 Materials and Equipment *- 


There scems to be a tradition that special equipment is necessary for 
chemistry and physics but that physiology, biology, botany, and zoology can 
somehow be taught merely from books. Too often the teachers of these sub- 
jects teach them in just that way. It is true, however, that biological subjects 
can be taught with but little of the equipment that is often supplied when 
funds are available. The most desirable type of equipment is that which has 
to do with the furnishing and arrangement of the room. Even this is not 
necessary for the successful teaching of a course in biology. Why so large a 
number of teachers do not realize this is hard to explain. In large part it is 
due to improper training and experience in their college work. The ingenuity 
necessary to improvise apparatus and find substitutes for materials is found 
active in very few, but we believe that this is something which almost anyone 
can acquire with a little assistance and experience. Part Two is designed for 
the express purpose of giving willing teachers this assistance and for putting 
life and interest into what is so often a dead study of life. 

Much of the responsibility for the lack of necessary equipment can be 
placed upon the teacher of the subject. Ask a teacher who has taught several 
years in one school and who feels that no equipment has been provided to 
make out a list of the equipment which he would consider to be adequate. 
He will sit down with catalogues and make out an order which will cost 
anywhere from $300 to $900. He might agree that he could do fairly well 
with less, but not much less. It is a matter of fact that it is possible to take a 
list of this sort amounting to hundreds of dollars and by skillfully applying 
inexpensive substitutes efficiently to equip the same laboratory for $60 to 
$100. Place a request with your school board for $300, and you are almost 
Certain to be refused; ask for $30 to $50 twice per year, and you are likely 
to get it. 


INEXPENSIVE SUBSTITUTES 


Apparatus. How is it possible to furnish a laboratory satisfactorily with 
apparatus and supplies for as little as $30 or $50? One piece of equipment 
seems to be more generally found in the biology laboratory than any other. 
This is an aquarium. It is sometimes present when almost no other equip- 
ment is to be found. As useful and desirable a provision as it is, little use is 
generally made of it other than as a place to house a few goldfish. Several 
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aquaria should be used, and they may provide an exceedingly valuable set o 
student problems (see Chap. 11, for complete suggestions). Even the sma 
glass-sided commercial aquaria cost $3 to $10 each. Three such aquaria 
would approximate $15. But deep enameled pans or buckets, large jars, 
small wooden tubs or kegs, or a homemade tank may usually be provided for 
less than $1 each and are quite as useful as the more beautiful but expensive 
commercial product. One-quart, two-quart, and one-gallon preserving ers 
are excellent for small experiments and can be obtained for nothing, since 
students will bring these from their homes. Many such articles that are 
thrown into the trash barrel are very useful in the schoolroom. . y 

A reasonable supply of beakers, watch glasses, flasks, and specimen Jars 
will cost $10 to $20, but common tumblers, jelly glasses, cheese and mon 
naise jars, castor cups (coasters), and a few test tubes will cost less than 
and for almost every purpose will serve quite as well. In Chap. 11 there si 
many suggestions of this character which, if used as a guide and enlarges 
upon according to individual needs, will aid materially in placing a régie 
biology classroom in satisfactory working order for an unbelievably sma 
outlay. If you have any considerable amount of money to spend, put it 2d 
More permanent equipment such as a microscope or some other usefu 
apparatus for which there is no easy substitute. dud 

Teachers often ask what to do when not even one microscope is provide! 
for their class. There are two possibilities in such instances. In the first pe 
a course in general biology can be taught in a very interesting and profitab 7 
manner without the use of a compound microscope. There are many funda 
mental principles in biology that are of great value to students, the under- 
standing of which does not depend upon the use of the microscope. E 
material as the cross sections and longitudinal sections of stems, Rc 5 
and fruits, various preparations of the tissues of animals, and bacteria RE 
protozoa, for all of which a microscope is valuable, do not need a micros 
to be fairly well understood. Their general characteristics may be readily 
comprehended from more gross preparations. In the second place, there 2 
several ways to substitute for the lack of a microscope. In most communitie 
there can be found an individual, such as a physician, naturalist, or retire 
professor, or some kind of institution which has a microscope that will is 
loaned to the school for a short time or brought for a personal a 7 
tion. If it cannot be borrowed for any length of time, it may be necessary | n 
the teacher to plan its use carefully so as to concentrate upon a few poi” 
such as showing definite cell types and microorganisms. 


á : r 
One of the good high-powered hand lenses, some of which magnify 18 p 

more diameters, will serve quite well for many kinds of low-power magni 

tions. Another very sati 


sfactory substitute for the school microscope !5 3 
Projection lantern of some sort. Slides of many tissues and organisms can lor 
Purchased which are made from high-grade photomicrographs in a ss 
showing staining. These, when thrown on a screen, will give the entire c E 
a view quite like what each might see if looking through a microscope: o 
must be taken when selecting slides to get photomicrographs and not. s. 
grams. Diagrams are no better than drawings in textbooks or on wall chart 


Good photomicrographs may be obtained from reliable supply houses if 
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equipment for preparing them is not available. It is a mistake to spend 
money for lantern slides of birds, flowers, and insects or of anything which 
may be seen with ease out of doors or in the laboratory. Good slides of 
microscopic objects are a splendid substitute for the microscope when it is 
not possible to have one (see Chap. 8, Visual Education). 

Living and Preserved Materials. There are various reasons why so little 
material is used in general science, biology, and physiology classes and why 
so little living material is used in botany and zoology. It seems that the 
teachers regularly expect that these supplies should be furnished by the 
schools, This may not be done. It would be better if the school could pro- 
vide the necessary materials by allowing the teacher a sufficient amount of 
time with a conveniently arranged schedule so that he might provide them 
himself. If the administration were wise, it would make this possible and 
then insist that the teacher do his part. The school would profit considerably 
in money saved on supplies. The teacher would profit considerably in becom- 
ing more familiar with the materials of the subject which he is teaching. 
And the students would profit immeasurably by better teaching, by contact 
with the plants and animals about which they read and hear, and by seeing 
them in their natural habitats as well as in the laboratory. It should be the 
business of every biology teacher to provide personally as much of the mate- 
rial needed for his class as is at all possible. This should also be a part of the 
work of the students. They need to see where these organisms live and how 
they behave in their natural environments, to collect some of them, returning 
with them alive to their schoolroom, and to preserve others for use later. The 
extent to which this may be carried out varies with the location of the 
school, Obviously, a teacher in a school located in the center of a large city 
May experience more difficulty in making such an arrangement than one 
located in a rural or suburban district. But there are distinct advantages in 
large cities not available to those in rural communities. Greenhouses are 
Present where a great variety of plants may be obtained even at times when 
Plants out of doors are at a minimum. In these same greenhouses are forms 
of unusual plants and plants in bloom or in fruit out of season. Parks and 
Parkways with trees, shrubs, streams, and lagoons are within reach of almost 
all city schools. Often the lawns, boulevards, shade trees, gardens, and flower 
beds of the city show better than does the countryside the ravishings of insect 
Pests and plant diseases or the effect of insufficient light or water. The city 
may also provide a conservatory, a zoological park, an aquarium, or a 
Museum. These are the show places for out-of-town visitors, but how often 
are they used by those who live in their environs? ' 

_ In the city are commercial hatcheries, packing houses, pet shops, and 
infestations of household pests. There is always the food market from which 
may be secured a wide variety of fish, mollusks, and lobsters. The lobsters 
Sometimes come packed in a mass of seaweeds, and there is also the regular 
Supply of food plants at all seasons of the year. It is true that the teacher 
who has a class in chemistry, physics, and geography as well as biology will 
eXperience greater difficulty in devoting sufficient time and energy to his 
Materials than the teacher who has five classes of a single biological subject, 

Ut there is no substitute for living material, and there is no tolerating the 
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continued use of the time-honored and over-persistent assignment of text 
followed by recitation as the only method for a biological science. 

In the more advanced and specialized subjects, such as physiology, there 
is even less excuse for complaint about the lack of materials and equipment 
since there are numerous sources of these and ways of conducting the course 
without making it a book course. For the anatomical studies the parts of 
larger mammals such as are commonly used for food, like the cow, pig, and 
sheep, are so nearly like man as to be quite suitable for illustrative material. 
For functional use the smaller mammals, such as rats, mice, guinea pigs, 
rabbits, cats and dogs, and the other vertebrates, such as turtles, frogs, and 
fish, are always to be had. The student himself is about the most valuable 
laboratory specimen one could get. 

For the botany, zoology, or gencral biology class there is a piece of equip- 
ment known as the Wardian case or terrarium (see Chap. 13 for its con- 
struction) which is one of the most generally useful articles that one may 
have. These small containers can be made from materials that may be 
obtained at practically no cost, and in them may be reared plants and ani- 
mals of many kinds. One such case may be used as a desert habitat, another 
as a woodland habitat, another as a swamp or marsh habitat, and by use of 
a heating device (a light bulb is sufficient) a tropical habitat may be main- 
tained. Materials from these cases could supply many of the living organisms 
for student use as well as illustrations of ecological units. They need not be 
kept merely as ornaments, It may not be especially easy for the teacher to get 
Started upon a program of collecting, culturing, and preserving materials for 
class use, but a little persistence and study will convince the beginner of the 
value and the possibilities which it offers for successful teaching. Part Two, 


and especially Chap. 12, is designed as a guide to aid the teacher in getting 
this start. 


s LACK OF LABORATORY SPACE 


Economy and lack of skillful planning prevent many schools from having 
the amount of laboratory space and equipment that is desirable for the satis" 
factory teaching of a science. The rooms provided for general science an 


general biology are seldom much different from those provided for language 
or mathematics; in fact, the 
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ally insist upon better facilities. This has to be done tactfully to be sure, but 
it sometimes pays. 

In a certain school, a class in general science was held in a small, narrow, 
dark room with several rows of chairs crowded together. The teacher's desk 
was an old kitchen table. There was no gas, no water, and no available elec- 
trical outlet. There was no cupboard or storage space, and none was needed 
since there was no apparatus. The reason for having the class in this room 
was that this made it easy for students to transfer from one class to another 
in the course of the day's schedule. This was an administrative problem. It 
is an error, however, for the teacher to form the habit of blaming the 
administration for all such ills. In the example just given the teacher did 
nothing to remedy the situation. He never attempted to bring the simplest 
materials to class nor to provide for group discussions although the class was 
composed of manual arts boys. He would, in all probability, have used the 
same methods in another classroom since this called for the least effort and 
ingenuity on his part. (He later became an administrator.) 

By way of contrast, there was in the same school system, another teacher 
whose room was inadequately equipped; the furniture was crowded together, 
and the room was frequently overpopulated. In spite of this there were 
always various kinds of potted plants growing in the room, and into one 
corner was literally squeezed a small table upon which were placed demon- 
Strations and upon which were grown, in turn, numerous small boxes of 
plants, jars of protozoa, mice, and other living organisms whenever needed. 
The demonstration table was always covered with materials, largely of stu- 
dent contributions. The teacher was enthusiastic and resourceful in finding 
needed materials. This spread to her students, all of whom worked at special 
problems part of the time. Students with unusual abilities were encouraged 
to use them in connection with their biology. Several students were artisti- 
cally inclined and drew large pictures which were used as class illustrations. 
Others doing shopwork in manual arts did some work in preparing and 
Painting other materials for the class. Several others stuffed and mounted 
small skins. The students were eager, self-reliant, and genuinely interested 
even when the class was a sectioned slow group. They were encouraged to 
relate their studies to themselves arid to their everyday life, and there was 
Plenty of evidence that it went into their homes and excited interest among 
other members of their families. 

The difference between these two classes was due more to the difference 
in the teachers than to the difference in the rooms and equipment. If a 
teacher uses a little ingenuity and is willing to work, a very poorly equipped 
room with little laboratory space can be made to function with success. It is 
the first responsibility of the teacher to accomplish this. 


LACK OF BOOKS AND REFERENCE MATERIAL 


Tn smaller schools there is sometimes a rather serious lack of suitable books 
and reading material. But here again as in the case of apparatus, the lack is 
Probably not so big a problem as may seem at first. If there is a good 
Encyclopedia in the building or school system, it can be made to serve as a 
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small library. Most of the subjects in the high-grade sets are well Vise oy 
authorities in the fields and are perhaps as reliable as the average te fall 
reference book. If there is no such set in your school, there may e 2 m. 
small public library or in someone's private library that can be use pem 
for special assignments. The teacher's own books will have ru. € 
suitable for reference if made available for certain students. A T vil 
paign started for books on biological subjects, if given a proper ses mn d 
yield a nucleus about which a small reference library can be P » na 
requires careful planning and cannot take the nature of a demand. du 
cause interested individuals or social groups to take some of the id na hit 
and give aid. Books that have been contributed need special care be EE 
they are treated properly and kept in good condition. In one sc ic siad 
teacher had her own small motion-picture film projector. She qom each 
on biological subjects and got permission to have little picture s wr 
week for admission to which any student in school paid 5 cents. The a "c 
ance was entirely voluntary. She soon had enough money to buy se 
oups of reference texts for the biology room. . 
"Ur mh number of books is not essential to the successful teaching S 
biological subject. A few good general reference works in the field » He 
special pamphlets and articles as are generally available are adequa es. 
teacher is properly prepared. A small library or collection of s ES 
biological subjects kept, if possible, in the classroom will be muc d'en 
thoroughly worked by the class than an extensive collection submerge 
large library. TES a 
Selecting. Books. Books and school are companion concepts and it wi ba E 
rule, easier to get money for books than for any other equipment. m 
small amount of money is appropriated, the teacher is sometimes at low g 
to what to spend it for, since there are so many possibilities. The fo 
suggestions are offered as an aid in this problem. , what 
It is always possible to consult numerous book catalogues to discover kae 
the publishers have to offer. Such catalogues will have a brief de 
of books as to kind and content. It is, however, difficult to tell mu ug ab? 
the desirability of a book from the publisher’s description. Almost all P E. 
lishers will send several books to school administrators or teachers few 
approval, and they may be returned if not found satisfactory. There p E 
schools that are so located that the teacher cannot make a trip to a li pu 
and there examine a number of books, choosing those which may be assist 
able for the purposes of his classes. A good librarian is always willing to 
and advise, book 
In large cities there are large book stores, especially secondhand H* 
Stores, near or in connection with colleges, where one may browse an dir 
books before deciding upon their purchase. Consult other teachers in To 
field, especially teachers of experience, for their suggestions on books. oney 
chief difficulty to overcome is that of spending a limited amount of m 
for books which turn out to be of little value, of à 
Kinds of Books to Buy. For the small library it is best to buy books very. 
general reference character rather than those which deal with some 
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limited phase of the field. The more specialized books are also likely to be too 
technical in their treatment to be useful with elementary classes, and it 
requires a larger number of them to give the desired breadth to the collec- 
tion. Books chosen for this purpose should be written, as far as possible, in 
an interesting and inspirational style, but they must be authoritative and 
scientific. Some of the more advanced texts make good reference books. At 
the end of each chapter of Part Two there will be found a list of references 
from which selections can be made for the subjects with which they deal, 
but the lists are rather incomplete. 

Sources of Pamphlets, Booklets, and Articles. There are open to the 
teacher many sources of valuable reference material which may be obtained 
free or at little cost. The various departments of the Federal and state 
governments publish and send out numerous publications in their special 
fields of activity. Your state department of education should be able to 
advise you of such materials and tell you how to get them. Lists of publica- 
tions and their cost, if any, may be had by writing to the Superintendent of 
Documents, Government Printing Office, Washington, D.C. Other sources 
of these articles are your state agricultural experiment station and the exten- 
sion department of your state agricultural college. The literature from these 
government sources is reliable, attractive, and inexpensive, many papers 
being distributed free while others sell for 5 to 25 cents. Magazines and jour- 
nals can be purchased secondhand at greatly reduced prices. Museums, 
Scientific institutions, and commercial concerns furnish similar materials at 


little or no cost. 


PROBLEMS 


It is suggested that the following problems and others of a similar character be 
made the major portion of the work of student teachers or students in classes 
dealing with special methods in science teaching. 4 

Write to your state department of education, state agricultural college, state 
experiment station, state department of conservation, and the Superintendent of 
Jocuments, Government Printing Office, Washington, D.C., for lists of their publica- 
tions which would be useful in teaching biological subjects. Send for a representa- 
tive Broup of these publications. Get extra copies of the lists or hectograph the one 
yeu received so that each member of your class may have one. Make a display of 
€ samples for the benefit of the rest of the class. 
2^ REA the catalogues of several equipment houses and from them make a 
list of all the apparatus you would think necessary for a class of 25 students. Consult 
art Two, especially Chap. 13, for suggestions of substitutes for as much of the 
apparatus as you can find or imagine. Make a similar list of materials using the 
Substitutes for as many as possible. From the prices given, estimate the reduction in 
Cost which you might be able to effect by this method. Make this study available to 

the other members of your class and add to it any of their suggestions. 
B Collect a few animals of several different types (this will depend upon the 
9cation and the season) and prepare the necessary means of keeping them alive for 
One or more weeks in the schoolroom. Preserve some of them in various ways for 
ISSection or for museum specimens. Present these to the class and answer "ENS 
Questions as the following: How were the animals caught? Where were they found? 
t kind and how much preservative was used? What kind of food and other 
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requirements are necessary for their maintenance? Would you collect them (as a 
teacher) or have your students collect them? What uses would you make of them 
in your teaching? (See Chaps. 12 and 14 to 23 for suggestions.) 

4. Collect a few species of plants representative of the major groups such as 
algae, fungi, mosses and liverworts, ferns, and seed plants. Demonstrate how these 
may be grown in the laboratory for class purposes. Discuss methods of collecting 
and the habitats in which they may be found. Preserve specimens of each in suitable 
jars or bottles. Show how the green color of chlorophyll-containing plants may be 
preserved. Prepare some dry pressed specimens of a few seed plants mounted on 
herbarium sheets and label properly. How may such specimens be used in the ciass- 
room? (See Chaps. 12 and 14 to 23 for suggestions.) 

5. Make a visit to one or more of the best-equipped schools in your city or county 
and consult the biology teachers and librarian for a list of the books which they have 
available for student reference work. Find out which books they find most useful. 
From the librarian get the titles and authors which the students prefer when they do 
voluntary reading in biology. Find out what points of advantage the different books 
have according to the teachers of the subject and increase your list to include some 
of the books which the teachers would like to buy for their classes if the money were 
available. Make hectograph copies (see Chap. 13) of your complete list and present 
each member of the class with one of these copies for his own record. 

6. Chop some lcan beef into Y4-in. cubes in each of four test tubes with enough 
water to fill the tube onc-third full. Plug these tubes with cotton and stand them 
upright in a pan of water or double boiler. Boil for not less than 30 min. When 
cool inoculate one tube with scrapings from the teeth, a second tube with dust from 
the table or floor, and a third with a drop of secretion from a sore or pimple. Do 
not contaminate the fourth tube, which is to be used as a check. Let these tubes 
incubate at room temperature for 4 or 5 days. Make a microscope mount from each 
tube and try to find different forms of bacteria (see Chap. 14 for technics) 
Need one buy bacteria slides or do without for class use? 

7. In Chap. 22, Reproduction, are a description and drawing of a simple home- 
made incubator for hens’ eggs. Assemble such an incubator, modifying it if you 
wish, and keep an accurate account of any expense. See how cheaply it may E 
made. Regulate it and then incubate a few fertile eggs for 3 days. Demonstrate an 
explain this to the methods class, comparing it to commercial incubators as to cost 
and utility. 

8. Make a simple grass infusion of microorganisms (see Chap. 22). When this is 
well established prepare seven pure cultures of protozoa, such as paramccium, 1 
jelly glasses (see Chap. 22). After about 10 days present your cultures to the rest 
of the methods class to illustrate the large number of organisms. Do not use any- 
thing in this preparation which will need to be bought; it is unnecessary. SUC 
a would cost $3 to $10 each if purchased. Calculate the amount you have 
aved. 

9. Build a Wardian case (terrarium) according to the directions given in Chap: 
13. Do this from materials salvaged from a dump or scrap piles and do not buy 
anything. Stock the terrarium with plants and present it in class with a discussion 
of some of its uses for biology or botany. Could your students make these for à 
class which you may be teaching? 
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CHAPTER 8 
-4 Visual Education }*- 


Visual instruction is as old as education itself. It was the original method 
in biological sciences when the naturalist devoted his study to organisms as 
he found them in nature. The results of his work he wrote down to be passed 
on to others; it was finally put into the form of books which treated of the 
various branches of biology. As education in this field found its way into the 
curricula of schools established for the training of great numbers of persons, 
it became more difficult to study original materials and easier to study about 
them from the writings of others. Part of this difficulty was overcome by the 
use of laboratory work with museum materials, preserved specimens, pictures, 
charts, and models. But the press of larger numbers of students and higher 
costs caused even these substitutes to be abandoned at times. The result has 
been that an increasingly larger proportion of the teaching of biology has 
been done from books and lectures. The simplicity of such a teaching pro 
cedure coupled with the ease of testing for memory of words has minimizee. 
the use of materials and visual aids to such an extent that those who are 
definitely concerned with essential values have revived the attention given 
to the visual phases of education. The rapid development of the motion 
picture has played a large part in stimulating a return to the use of visua 
means of instruction. In fact, many teachers erroneously think of visu? 
education and picture projection as synonymous. 

Visual education rightfully involves any and all means that may be f 
ployed in instruction whereby the student learns primarily by the al r 
objects or materials rather than by reading or listening to lectures. In ths 
broad interpretation the biology teacher may rightly include such technics 
and methods as field observations; trips to manufacturing plants, dairies, 
laboratories and greenhouses; the use of aquaria, terraria, microscope" 
demonstrations and experiments; as well as the projection of still and motio 
pictures, photographs, drawings, models, charts, blackboard drawings, 2P 
the use of preserved and living organisms. 


e em- 


THE ESCAPE FROM VERBALISM 


: : i d 
The escape from verbalism and the return to learning through seeing an! 
doing mark a renaissance in education. Too few teachers realize that ee 
persons learn to generalize and use abstract learning through experienc! 
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the concrete. Visual aids may do much of this sort of thing for the student. 
In biology classrooms the pupil learns words and phrases in quantities that 
are astounding, while drill in the mouthing of these expressions creates in 
both teachers and pupils a false assurance of value. The result is much learn- 
ing and little understanding. The most valuable form of visual aid in biology 
is undoubtedly the specimen and, wherever possible, it should be the living 
specimen. The scarcest thing in some biology classrooms is the organism 
itself, There may be tables, chairs, books, microscopes, models, blackboards, 
pictures, and charts, but no plants or animals. There are teachers who have 
personal aversions toward such filthy things as'slime molds and frogs and 
such creepy things as worms and insects. They encourage the development 
of a similar attitude in their students and excuse the failure to use many 
valuable materials by saying that the students do not like them. Much has 
been said throughout this book about the use of materials, especially living 
materials, In fact, all of Part Two is devoted to its encouragement. 


WHY USE VISUAL AIDS? 


Visual aids are used to accomplish four ends: (1) to stimulate interest 
and thus expedite learning, (2) to augment the learning process by providing 
visual experiences beyond the concepts of words, (3) to increase understand- 
ing by relating these experiences to life, and (4) to test for the application of 
learning. 

Concerning the first of these ends we need say but little. To anyone who 
has taught or observed children at play, it is evident that they find greatest 
interest in those things which they can see or handle and which fire the 
imagination. This is especially true if the activity involves learning. They 
Prefer the concrete experience. It is the thing itself which is interesting. In 
No area is this truer than in biology. Plants and animals are alive. What they 
are like and what they do hold a natural interest; hence their use as visual 
aids will stimulate interest in their study. 

In regard to the second point, it is generally accepted that learning at 
the clementary level usually proceeds from the concrete to the abstract. This 
is not because the abstract is necessarily more difficult but because the con- 
Crete represents the object itself, the single experience, while the abstract is 
the result of many such similar or related experiences. Familiarity with the 


abstract may eventually render it easy to comprehend. For example, if you 


mention the word iguana to à class, the students are unable e E zm ay 
iw 9r concept which corresponds to the word. It be joe oe Ve 
ana is a repti i ial clarification since s as I 
ptile, there is partial clan É 
MET experience involvitig reptiles. But if you explain further bos EUM 
Pule of the lizard type, the meaning is still further clarified. However, 


expe bends upon words, words which have ee te AD f wee ee 
petite. Su -t add a series of visual aids, 965 f 

- Suppose that you next add a visua : } 

w lackboard sketch of aan of the external peculiarities of os x Du ds 

ü YA furnish some concrete visual concepts beyond your words. Ii you po 

3 upon a screen a photograph of such an animal, the experience is ex 
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tended enormously. If the projection is a motion picture, there are additional 
experiences of the animal's behavior expressed beyond that of still imagery. 
But if you have a living specimen in a cage the experience beyond word 
concepts is again much greater. How different still must be the concept of 
the native who has seen hundreds of iguanas in their natural habitat, has 
chased and caught them, killed, prepared, and eaten them. 

A biology student once brought a small yellow butterfly to his teacher and 
inquired what it was. He was surprised to find that it was a variety of the 
'cabbage-worm butterfly since he had seen many white ones with spotted 
wings. Thereafter the words “cabbage butterfly” had an additional meaning 
for him. Thus visual experiences greatly enlarge the learning scope of the 
student. 

Our third reason for using visual aids has to do with relating new experi- 
ences to life. Any educational technic which will do this is worthy of highest 
praise, for in so far as new experience can be related to the past it has full- 
ness of meaning, and from such experiences come fullness of understanding 
on the part of the student. A biology teacher removed the tough, leathery 
hinge from the shell of a clam and asked members of his class to examine 
it and to tell of what it reminded them. There was little response. Then the 
teacher burned the material and fanned the smoke in their faces. There 
were immediate exclamations of "hair," “feathers,” “burnt leather," etc. 
One student, a boy from the farm said, “blacksmith shop.” He had smelled 
the pungent odor of the hoof when the hot shoe is being sealed. When re- 
quested to do so, he explained that the odor, which was an olfactory and 
not a visual image, brought back in a flash the details of an old blacksmith 
shop where he had taken the horses to be shod. There was the image of the 
flaming forge, the flying sparks, the great bellows, the red-hot shoe, the 
leather-aproned smith, all distinct visual experiences of the past which were 
definitely related to each other and to the smell of burning hoof. A girl ex- 
plained that she had plucked and singed chickens and recalled the odor o 
burnt feathers. The other students had somewhat similar associations whic 
made this new experience real. The teacher seized upon this opportunity to 
clinch his first objective and discussed the similarities of this new material 
with the better known animal products. In teaching it is always a 5? x 
practice to utilize the experiences of the student, and a wise teacher makes 
special effort to discover the kinds of experiences his students may have had. 
Likewise it is sound educational policy to choose such visual aids as will best 
relate or interpret the new experience in terms of the experiences of the past. 

Our fourth use of visual aids is in testing for the application of learning: 
A visual aid may be used rightly as an illustration or additional explanation, 
but it may also serve as a problem to be solved and as a challenge for further 
study and discovery. As an example of this use, a teacher of botany had tw? 
of her students make two small wooden trays of exactly the same dimensions 
These they filled with fine moist sand. They were then given 50 grains © 
corn which they separated at random and planted 25 in each tray. The trays 
were placed side by side near a window and watered equally through tubes 
which extended into the sand. One of the trays was covered by a box whic 
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excluded all light. During the next 10 days the class studied the factors of 
plant nutrition. At the end of that time they were confronted with this 
experiment and asked to predict what condition would be disclosed when 
the box was removed. The corn in the uncovered tray had grown to a height 
of 2 in. Various guesses were hastily offered, but when required to give 
reasons for their decision the students settled down to a consideration of the 
facts which they had acquired already through their recent study of nutri- z 
tion. To some this recalled the factor of photosynthesis, and they concluded 
that the seedlings under the box would have grown to the extent of exposure 
above ground but would have died since there was no light, hence no 
chlorophyll, hence no photosynthesis. Others recalling food storage in seeds 
decided that the seedlings under cover would grow for some time above 
ground but would have died in a relatively stunted condition because of 
lacking the stimulating effect of light. These were logical applications of all 
the learning which the students had at the time, and the application was 
satisfactory from the teacher’s point of view. The class was greatly surprised 
when the box was removed to find that the corn in the covered tray had 
reached a height of 4 in., which was twice that of the corn in the lighted 
tray, and that it was still flourishing though lacking in chlorophyll. The 
explanation of why plants grew more rapidly in the absence of light was 
lacking, and the teacher used this visual experience as a means of setting up 
a new problem for further study. In this way she had used the visual aid 
not only as a test for the application of previous learning but also as a means 
of stimulating interest, which greatly motivated the search for the new. 


ESSENTIAL QUALITIES OF VISUAL AIDS 


standards of essential qualities which may be used to 
determine the extent to which visual aids are of value in a learning situation. 
Their value depends upon the extent to which they assist in achieving the 
objectives of instruction and may be indicated briefly under the following 
heads: (1) accuracy, (2) relevancy, (3) realism, (4) comprehensibility, and 
(5) interest. 

1. Accuracy. Whenever a vis 


There are certain 


ual aid is anything other than the organism 
QU function which it represents, it becomes a matter of importance to deter- 
mine the degree to which it is accurate in its representations. Chief among the 
offenders in accuracy are likely to be charts and models. It is difficult to 
make such aids as accurate as might be desired. The chart is lacking in the 
hird-dimensional attributes and must always be viewed from a fixed posi- 
tion. The model overcomes both of these difficulties but is seldom as accurate 
in detail as the picture. The stereoscope has been used to advantage, offering 

€ illusion of the third dimension plus the accuracy of the picture, which 
may even be photographic. However, photographic accuracy is not always 
an important issue, while accuracy of understanding is very important. For 
example, if one were teaching the principal parts of a flower by using a 

‘awing of an apple blossom, it is of little importance whether the diagram 
resembles the apple blossom in every detail, but it is of utmost importance 
whether it shows the proper relation of such parts as ovulary, seed, receptacle, 
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anthers, filaments, and the like. For this reason a good diagram might be of 
even greater value than a photograph. It is the accuracy of the concepts 
produced rather than the accuracy of details in the visual aid which is im- 
portant here. On the other hand, one teacher of botany used a large model of 
a fern prothalium in his class and then found that the students when given 
, the actual tiny plants did not recognize them as being the same thing. The 
large size of the model and its lack of accurate detail were weaknesses. An- 
other teacher used a diagram showing the vena cava from the ventral aspect 
as running beneath the liver. The students received the impression of the 
vein running into the liver and out again. In this case the use of a model 
giving three dimensions corrected the error. It is undoubtedly true that rea- 
sonably accurate visual aids are of great assistance to the student's compre- 
hension, but one must constantly guard against any peculiarity of the aid 
which will producc incorrect concepts. 
^ 2. Relevancy. Our next standard of value is the extent to which any visual 
aid is directly related to the understanding of the subject matter. A visual aid 
could be accurate to the last detail, understandable, and interesting and yet 
be of little value because of its irrelevancy. If in the study of fishes the main 
objectives are to give an understanding of the characteristics of the fish group 
and some knowledge of their economic importance, it would be of little 
value to have preserved specimens of the African lung fish. They would be 
interesting and have some of the group characteristics, but' are of little eco- 
nomic importance. The perch, goldfish, or herring would be far more 
rclevant. In motion pictures one need not look at many of the educational 
films before finding excellent illustrations of films which are relevant and 
E pean ate not. After studying the amoeba and paramecium in class a 
p f protozoa, a teacher secured a film which she thought would presen 
number of other protozoa. When shown it was found to contain mostly 
amoebae and 


; paramecia and a number of rotifers about which it gave much 
detail. The pictures we 


because of irrelevant ma 
ject of the reactions of organisms was obtained 
with accompanying lecture. The pictures were 
clusively to illustrating types of responses. Tf 
d to accurate explanations of these responses- 


VISUAL EDUCATION 9i 


formed from that person's description. But when we see the place or indi- 
vidual, we get an entirely different concept. This is verbalism versus realism. 
Students who are taught biology exclusively from books or lectures may do 
very well as measured by paper tests, but their appreciation of the reality of 
living things is sorely lacking. Most teachers of biology will tell you that 
one of their aims in teaching is the developing in the student of an appre- 
ciation of the nature of living things. If this is so, they should overlook no 
opportunity for making their teaching as real as possible, and this may best 
be done by injecting living materials and life problems into their course 
wherever possible. On the other hand, the degree of value of any specific 
visual aid is not always directly proportional to its realism. For example, a 
zoology teacher found that his class was experiencing considerable difficulty 
in locating and understanding the relation between parts of the circulatory 
System and certain organs even though each student had an excellent speci- 
men. The teacher then drew a purely diagrammatic sketch upon the black- 
board and explained it carefully. This clarified the difficulty because it was 
simple, readily comprehended and was therefore a valuable visual aid. 

4. Comprehensibility. In the foregoing example cach student was dissect- 
ing and studying the circulatory system of a good specimen, but the material 
was complicated. The students had little previous training or experiences that 
would enable them to succeed in their present undertaking. The compre- 
hensibility of the material was not high, but otherwise the specimen had the 
qualities of a good visual aid. It was entirely accurate because it was the 
organism itself. It was entirely relevant because it was the thing being 
studied about. Being such, it was entirely real, and it was quite interesting 
to the students. It was lacking in comprehensibility since it was beyond the 
level of the class. A new visual aid was called into use, a rough diagram 
which lacked almost all the qualities of a good visual aid, except compre- 
hensibility. Thus it supplied what was lacking, and the combination made 
the visual study a complete success. From such an illustration one may see 
that the quality of comprehensibility alone may be of sufficient importance 
to invalidate any particular visual aid. In other words, of what use is a 
visual aid if it is not comprehended by the student? In fact such an aid may 
become a hindrance. Therefore, in selecting and using our visual aids we 
must be cautious in choosing those things as aids which relate the new experi- 
€nce with past experience and which are within the comprehension of the 
Students who are to use it. 

5. Interest. The most elusive factor in education is interest. It is the will-o*- 
the-wisp which the teacher is always chasing. It is here and then it is gone. 
Its Presence makes learning sought after; its absence makes learning repul- 
Sive. Its presence makes work a privilege; its absence makes work a punish- 
ment. A task that is sufficiently interesting defies time and the expenditure 
of effort. How can the teacher secure this interest? 

One of the uses of visual aids is the stimulation of interest, but the mere 
use of an aid does not guarantee this interest. A good visual aid may be in- 
teresting by virtue of its other qualities. It may be accurate, possess realism, 

€ entirely relevant, be easily comprehended and yet lack interest. But if it 
acks accuracy and realism, is irrelevant, and is not understood, it is sure to 


92 CLASSROOM METHODS FOR TEACHING BIOLOGICAL PRINCIPLES 


be uninteresting. To stimulate interest a visual aid must be understandable 
first of all; second, it should have importance; third, it should be useful to 
the student; and, fourth, it should stimulate or satisfy his curiosity. 

One could not expect students to maintain interest in something which 
is not understandable. To be interesting an object must have meaning. 
Sometimes interest is proportional to understanding. A pile of coal was just 
a lot of chores to one boy until he discovered that some of the pieces showed 
the forms of plant stems and leaves. He then spent hours searching for them 
and made a small collection of the better specimens. This led him to read 
something about the Coal Age and coal deposits. A class in physiology showed 
but the mildest interest in a plaster cast of the human torso until they found 
that it was made in sections which could be removed, disclosing all the in- 
ternal organs. They were curious about the position and appearance of the 
lungs, liver, heart, stomach, intestine, kidneys, and reproductive organs. 
These things had meaning though they had never seen them. These things 
were important because each student possessed them. Their functioning was 
directly linked with the student’s health, pain, and pleasure. Each one had 
felt his own heart throb after exercise or excitement, had felt the pangs of 
hunger and the pleasure of its satisfaction, had known the misery of a cold 
in the lungs and a pain in the colon. It was of use to him in solving some of 
his problems in that he had a better vision of his own mechanism, the relation 
of its parts and how they functioned. It was a good visual aid. It was inter- 
esting. The students were attentive while it was used. They were stimulated 
to ask many questions, to read books and articles. This interest is so essential 
to good visual aids that teaching cannot afford to be without it, and a great 
deal of effort should be exerted to secure such aids as may possess it. 


THE USE AND MISUSE OF VISUAL AIDS 


Early in this chapter we gave a partial list of visual aids. To discuss them 
all in any detail would require more space than is at our disposal. Entire 
volumes have been devoted to the subject, and some of these are recom- 
mended to the reader. It is difficult to select a few of these aids and to 5aY 
that they are the more important. The value of an aid does not depend 5? 
much upon any intrinsic quality of the aid itself as it does upon the ust 
made of it at a particular time. We have just discussed the qualities of g0° 
visual aids. We have seen that the quality of the aid is to some considerable 
measure a thing apart from the aid itself. No matter how perfect the aid may 
be, if it is irrelevant to the occasion of its use then it becomes of little value- 
Or it may lack some of the stated qualities of a good aid and yet become 
indispensable because of its relevancy or its simplicity, as in the case of the 
blackboard diagram mentioned above. ? 

Some types of visual aids, however, do possess more of the desirable 
qualities than do others and, granting that they are used to best advantag® 
will assume a position of greater importance. First among these must be 
living organism itself. There are times when to purchase, collect, or culture 
the living material would involve expense or work beyond its value, but 
teachers have used this more frequently as an excuse than as a legitima 
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reason for not providing the materials. There are times when some other type 
of aid may be more useful than the living organism even though it is lacking 
in realism. Such a case is well illustrated by special use of the motion picture. 
The twining of a tendril about a string, the unfolding of a flower, the in- 
calculable beating of an insect wing cannot be seen nor understood from 
living specimens so well as when shown in long-interval or slow-motion pic- 
tures. It must be kept in mind, however, that such changes from the real as 
showing the flower in motion may in some instances produce incorrect no- 
tions in the student's mind if the subject is unfamiliar and the particular 
departure from normal is not carefully explained. Again the motion picture 
or the lantern slide may bring rare or unobtainable material to the class- 
room. There is a short film which presents the mammals of the Rocky 
Mountain region in relation to their ecology. Neither the materials nor this 
ecological relationship could be shown in class- or fieldwork, but the film can 
do this splendidly. Such usages of films have made the motion picture and 
sound film one of the truly great forms of visual aids. Their possibilities have 
just begun to be realized. There is a great future for their use educationally. 
The greatest difficulties lie in devising films that are real and accurate. Pro- 
ducers seem to have been slow to appreciate the fact that these films must be 
as accurate and realistic as possible rather than purely spectacular. In many 
states, films have been made available to schools by distribution from the 
state department of education, or some similar agency, at a small cost, which 
amounts to little more than postage and insurance. Good projection apparatus 
is now being produced at comparatively low cost. 

"These facts have given rise, however, to a danger which should not be 
overlooked. Teachers find that the showing of a film produces much of the 
excitement of the picture show and are likely to make use of it as a means of 
creating interest and especially as a substitute for materials and forms of 
classwork which might have been used to better advantage educationally. 
Whenever the motion picture or any other visual aid is used as a substitute 
for living materials or for a more suitable device, it becomes a detriment 
rather than an aid to good teaching. A most satisfactory type of film is one 
of the many short ones which may run not more than 3 to 5 min. and which 
fit into the teaching procedure—as a wall chart or model would do—to 
clarify, summarize, or emphasize a particularly important point. The short 
films are frequently more valuable than the longer ones. There is no reason 
why the motion picture should be looked upon as a lengthy entertainment 
extending for 15 or 20 min. The better films for classroom use produced in 
the future will probably be largely of the shorter variety. 

Slides, filmstrips, and especially photomicrographs are valuable accessories 
to teaching. Photomicrographs are a means of making the still projector do 
the work of a large number of microscopes when microscopes are not avail- 
able. Good photographs of microscopic preparations can be enlarged without 
loss of essential detail. These may be projected upon a screen, and each stu- 
dent sees what he would see if he were provided with a microscope and micro- 
Scope slide. These have the additional advantage that all students see the 
Same thing at the same time, and the photographs are usually made from 
uniformly good preparations. Projectors are made which purport to show 


94 CLASSROOM METHODS FOR TEACHING BIOLOGICAL PRINCIPLES 


images directly from microscope slides and from slides of living micro- 
organisms. These projectors are usually expensive and of little worth in 
elementary teaching. They will show large or gross structure such as pollen 
grains or the veins of insect wings but are difficult to use for details of cell 
structure or microorganisms because when the image is enlarged sufficiently 
for room visibility the detail is lost. They may be used for a very small group, 
however, and are excellent for making enlarged drawings directly from 
microscope slides. See the list at the end of this chapter for further informa- 
tion and discussion, and the list of supply houses at the end of Chap. 13. 

Models, charts, diagrams, and pictures have two types of uses. They may 
serve as aids in objectifying written or spoken words by substituting for 
specimens, or they may be constructed by the students as aids to their under- 
standing. The way they are used at any time must be decided by the 
teacher. If the making of models and diagrams is not allowed to assume the 
level of mere pastime but is guided carefully as to accuracy and relevancy, 
the work has decided value. It need not be undertaken by all students. One 
sometimes witnesses the dilemma of a teacher or student making desperate 
effort to put certain ideas into words that will carry concepts of unmistak- 
able significance. Therc results a conglomeration of phrases and gesticulations 
that are little short of comical, whereas a piece of chalk and a square yard of 
blackboard would have turned the trick with but few words. The hesitancy 
of teachers to use the blackboard is usually based upon a feeling of modesty 
because of a lack of artistic ability, but such drawing should be purely dia- 
grammatic, not artistic. Good printed charts and diagrams may be accurate 
and even beautiful. If so, they can be of value in assisting the student to gai? 
concepts that are impossible from words alone or even difficult to obtain 
from specimens, but it is often true that their complexity and detail may 
prove a source of confusion. A much more crude diagrammatic illustration 
built up by the teacher with chalk on the blackboard, adding each part 
with the development of each idea, will often be much better as a teaching 
aid than an expensive completed chart. The blackboard drawing plus the 
chart might be a valuable combination. The selection of purchased models 
or wall charts should be made with considerable care as to their accuracy 
and the degree to which they can be useful since it is possible to invest muc 
a o y Misch materials that are of little use, Models have the advantage ? 
depicting objects in three dimensions, though they usually lack detail a" 
may sometimes serve to furnish distorted and unnatural concepts. For exam- 
ple, a starfish could be modeled and painted so as to give a fairly accurate 
idea of the animal, but a clay or plaster model of a jellyfish is a sorry repre 
sentation to the person who has never seen one at the seashore. The class maY 
make its own models from water-softened modeling clay. These, when 
well done, may be painted, mounted, and kept for class use. With the COOP” 
cration of the fine arts and manual arts classes, it makes a good integrate 
project. For the use of toy models, charts, skins, and stuffed specimens 1? 
such studies as heredity, see Chap. 23. i ‘ 

ees ^w line, the teacher should not overlook the possibilities of amateur 
Photography as an aid for biology. The teacher who is interested in photog 
raphy may accumulate a very interesting and valuable library of pictures 
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pertaining to biology or may encourage the formation of a school collection 
or a photography club by intcrested students. This has very special applica- 
tion to field study where unusual views or ecological situations may be 
obtained. 


PROBLEMS 


1. Write to the Burcau of Education, Department of the Interior, Washington, 
D.C., for a copy of Sources of Visual Aids, by C. M. Koon (sce Ref. 11). After 
examining it carefully write a one-page summary of this pamphlet in the form of a 
book review. Make a set of hectograph copies and give each member of the class . 
a copy for his notebook. 

2. A class problem. Refer to Problem 1, Chap. 5. Take the units of subject 
matter as prepared in this outline and let each student choose one unit for which he 
will prepare a complete description of all the possible visual aids that might be 
used in its teaching. As a special assignment, two students may collect all the 
descriptions and have copies made to supplement the ‘unit outlines prepared for 
Problem 1, Chap. 5, and cither give each member of the class a copy or place a set 
in the library for each to copy. 

3. Select a unit of subject matter from general biology and prepare all the 
different visual aids that you think would be used to advantage in its teaching. 
Present these to your methods class with a discussion of their use. 

4. Make a list of 10 topics from biology. With each topic list at least one visual 
aid in the form of chart, model, or lantern slide. Make a second list of visual aids 
in the form of a list of motion-picture films that could be used with each of the 
topics. Make another list of aids composed of living materials appropriate for the 
same subjects. 
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CHAPTER 9 


-4 How to Choose a Text }- 


In many states there is state adoption of public school texts. Often a com- 
mittee studies available texts and makes recommendations for adoptions. 
Sometimes a single text is adopted, sometimes two or three comparable texts 
are adopted, from which a school district may choose one. In these schools 
a teacher may be a member of the committee for selecting the text. 

If a teacher has had some previous experience with texts he may be able 
to make a reasonable choice, but if not he will be confronted with the neces- 
sity of examining a number of books and selecting one from them. Anyone 
who has tried this feat will have realized the difficulties that confront him. 
The book which may make an appeal to the teacher may fail to stimulate any 
interest on the part of the beginning student. This difference is one that is 
very difficult to detect, and even teachers with years of experience may be 
surprised to find it true. The principal reasons for this difficulty lie in the 
fact that the teacher is trained in the field of subject matter and has come 
to have certain interests which he finds treated in the text. This training and 
interest are lacking in the beginning student. The teacher reads his own addi- 
tional knowledge and experiences into the book; the student does not have 
this knowledge or experience. The book may use terminology or treat the 
subject in a manner very similar to more advanced texts with which the 
teacher is very familiar. These facts make the book seem easier and more 
desirable to the teacher but may be the very sources of greatest difficulty to 
the student. The fact is that a teacher cannot look hurriedly through a book 
and decide whether or not it would make a suitable text. Even a careful 
study of a book may not be sufficient. 


CRITERIA FOR CHOOSING A TEXT 


What, then, are the criteria for choosing a proper text? A number of sets 
of items have been compiled and published as guides to selecting a text. These 
items will be discussed, but before they can become of any use, it is essential 
that a very important question be answered by the teacher. How is the text 
to be used in your course? That is, will the text be the course? Will its con- 
tents be practically the only source of information? Will its order of presenta- 
tion and its questions and exercises be followed closely? Or will the course 
be planned and outlined by the teacher and the text be supplemental? Will 
it be assigned intermittently for specific readings and information while the 
Sequence of the subject matter, the selection of appropriate problems and 
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projects, and the asking of pertinent questions come from the teacher and 
his planned course? Which courses the text will serve may make a vast 
difference in the character of the book to be selected. 

The lists of criteria mentioned above seem, without exception, to assume 
the first situation to be true, that the text will determine the course. Un- 
fortunately this happens in too many cases. Since it is so frequently true, wo 
shall summarize six of the principal criteria. Many of these points are desir- 
able considerations in the selection of a text however it may be used. 

1. Is the subject matter suitable to the course? This will necessitate that 
the teacher have clearly in mind what major topics should be included in the 
course in order that the books may be examined to determine whether or not 
these areas are covered. It will further mean that the examiner shall not de- 
cide merely from a table of contents but shall read carefully a major portion 
if not all of each of the subject-matter topics in each book examined. How 
completely these areas are covered becomes of greater or less importance in 
proportion to the extent to which teacher and students are to be guided by 
and limited to the one text. 

2. Are the organization and presentation of the contents suitable to the 
level and interest of the class for which the book is being chosen? A book may 
have a concise and logical organization, and yet it may differ so radically 
from the organization chosen by the teacher for the course that the book 
becomes a source of confusion unless its exact sequence is followed. On the 
other hand, the fact that a book reads logically from page to page or from 
topic to topic may appeal to the teacher with a broad background of training, 
but it must be remembered that for the student in an elementary course 4 
psychological organization is usually to be preferred even when it may be less 


logical. The teacher should not lose sight of the fact that the book is being 
selected for the student and not for the teacher. 


Has the author written clearly and interestingly? Does his style cause the 


reading to flow along? Is there an arousing of curiosity which keeps on¢ 
reading on for further knowledge? Is the presentation problematic—does 
it present questions which are either answered by reading or solved by 
applying the knowledge gained from study? When a “problem” or “exercise 
18 given, does it explain Something, have direct bearing upon the subject 
studied, or merely set a task to be done? When the textbook is to be the bas!s 
for the course, these points are of prime importance. The text should not be 
merely a compilation of factual material but should be also a director of t^e 
ds thinking. It should challenge his curiosity, his understanding; 2P 
n ability to think constructively and scientifically, as well as his memory: 
ts explanations should present the solution to a problem whenever possible 1 
and this solution should be given in a lucid and logical order which w! 
stand as an example of thinking and for further thinking. 
Then for the sake of practice there should be a number of definite prob- 
ems throughout the text which are unsolved but which are to be solved 
the student. These should be more than questions of a review characte" 
which are so often found at the end of each chapter, to be answere pr 
turning back the pages of the book. Questions of this direct kind are ° 
Some value if used as a review to test the memory of the reader and may 
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help him in his self-testing, but they are not sufficient. The real test of the 
learner is his ability to use what he acquires by relating his information to real 
situations of life and by using his knowledge in problem solving. Another pro- 
cedure employed in some modern texts is a pretesting device consisting of 
questions placed at the beginning of chapters and units of subject matter 
which are intended to test the amount of knowledge of a topic which the 
student may already have before he begins his study from the text. These 
questions again are mostly for information, whereas they could just as 
readily be problematic, the student referring back to them after studying 
the subject to see if he has acquired information or learned a method of 
procedure which will enable him to arrive at a solution after his study, if 
he has been unable to do so before. 

3. Are the factual contents reliable? While the correctness of the factual 
contents of a text is a matter of great importance, it is not at all likely that 
a text will contain many errors. Some minor mistakes may get into almost any 
book, but in addition to the fact that most authors are themselves authorities 
in their fields, it is customary to have specialists read various parts of a manu- 
script before it reaches the publisher. Also all reputable publishers have their 
Own expert readers who review manuscripts for them before they are set in 
type. Thus, gross errors are usually avoided. : 

But widespread among texts on biological subjects is a different source of 
crror that needs guarding against. This is teleology. It is the assigning of 
Purpose or knowing intent to lower organisms where there is no evidence 
that such a capacity. exists. For example, a textbook in general biology written 

y authors who are well trained in subject matter and who are teachers of 
Tepute contains a picture of a forest below which is a caption asking 
M student to note that the trees have all grown tall and straight in order 

ch the light.” 3 

If authors who use such explanations are questioned about the usage, they 
Usually reply that they know that the use of words is very loose but that they 
See no great harm in it. The harm comes from the erroneous practice which 
ing. There are known definite reasons 
ight in subdued light 


°r darkness, This information is due the young student, and it cannot be justly 


Tust asi i ‘ch assigns desire or reason to trees in a 
A aside by an explanation which assig 

Oods, 
altractive, and appro- 


briate? For elementary course work this is a very important item. A good 


Y should be used by the student. He 
of the periment and how to express it in tables and 
€ early science training of the child. 


€ number of illustrations is of less importance than their quality, arrange- 
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ment, and appropriateness. Some books seem to be actually crowded with 
illustrations, causing too frequent breaking up of the reading matter, while 
others give a feeling of distinct need for more. Nothing could be more week 
than a picture, no matter how good, which has no place in the text in whic 
it appears. s; 

5. Does the use of type and arrangement of the material make reading 
easy? An examination of several books simultaneously will probably disclose 
considerable variation in the size of type used in their printing. When a book 
is to be studied and read at length, such things are important. The type size 
and spacing should be such as to make the physical part of reading easy- 

In looking at the text pages do you find that the topics stand out because 
of paragraph headings in bold type or italics? Can you tell quickly what 
the general character of a chapter is, or must one read at length to gain this 
information? Are the pages, and thought, continually being broken up by 
paragraphs set in very small type or by references to footnotes which one 
must pause to read or completely ignore? These items are important to young 
students, especially in a new field of study where effort is required to follow 
a trend of thought even when it is clear and uninterrupted. 

In this connection should also be considered the use of references ang 
glossary. The references to other parts of the text are often valuable, an 
references to well-known books on special subjects should be made at appro- 
priate places, such as by inserts in the text or by listing at the ends of chapters 
or units. The question of glossary usually takes one of two forms. Either 4 
glossary is placed as an appendix in the back of the book, or words are 
defined wherever they first appear in the book. There is an advantage in 
having the word defined when used except that when it is repeated through- 
out the book it cannot be redefined each time. Therefore, the reader who 
has not read consecutively from the first pages may miss the definition. Rn 
cause of this difficulty it is more likely that a glossary, when one appears, W! 
be found as a compilation at the end of the text. 

A complete index is essential to a good text. Most books contain fair indexes 
but some do not. Where a text is not followed from beginning to end but it 
used as a book of readings or reference, the index becomes indispensable. 
is à noteworthy fact that even advanced students make little use of an inde 
It is not uncommon to sec a student searching through page after page 
book for a special topic or even consulting the table of contents while a go 
index enumerating the exact pages is being ignored. Sec that your text 7 
well indexed, and sce that your students become conscious of it throug 
frequent use. 

6. What is the appearance and the cost of the book? Choose five bo 
at random from a bookshelf and lay them before you on a table. Whic 
book makes the strongest appeal to you because of its appearance? When 
you have chosen one, examine it to determine why it is rnore appealing: 
What does it have that is absent from the others, and what do they have tha 
interferes with their appeal? You will find that size and proportion are J 
great importance. One seems too thick and short, another too long and ied 
row. One seems to have Pages almost as large as the cover, causing it to 5€ 
ready to lose something. Another is very gaudy and cheap in its color a"! 
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material, and the title is badly stamped. The attractive book has a good 
grade of cover, is pleasing in color and printing, and is so proportioned as 
to give a feeling of substantial balance. The paper is of good quality and 
weight. These items are of far less importance than those which concern 
the contents of a book, but they make an impression upon the student some- 
times without his being conscious of it. Witness the fact that when you ask a 
student what text he studied two or three years ago he will reply, *I can't 
remember but it was a rather large book with a dark red cover," which is 
not very helpful but shows the impression such things make. They also have 
some part in determining the cost of the book which, while it is of minor 
consideration, is a factor that will be closely watched by administrators. 

If the above six groups of criteria are used in measuring the value of any 
text and they check favorably in almost all these respects, the teacher may 
feel certain that the selection is likely to be reasonably satisfactory. In addi- 
tion to the above, some writers suggest checking the author of the book on 
such points as: what experience he has had; what degrees and honors he has 
gained; what investigations he has carried on; what recognition he has been 
given in certain publications. All such items are of no importance in choosing 
a book. In fact it would be highly desirable if the authors’ names and con- 
nections as well as that of the publishers could be entirely eliminated in 
making the selection. If a book checks up to a high standard according to 
all six of the criteria discussed above, it is a good book regardless of who 
wrote it and regardless of whether his name appears in this or that reference 
list. You are choosing a book on its merits and not upon a reputation of its 
author, often gained in other ways. You are interested in the book regard- 
less of its author. In general, the more widely authors have been recognized 
and honored, the more able they are and the more likely are they to have 
produced a good text. But if they have produced a good text it will be 
apparent when you check the book, and checking the author will not alter 
the value of the book in the least. Furthermore, it is a well-known fact that 
excellent teachers are sometimes poor book writers while splendid books are 
sometimes produced by those who lack the personal qualifications of a great 
teacher. So forget the author and publisher when making your selection, for- 
get the friendly salesman who provided the examination copy and think of 
the book, the class, and the kind of course you would like to teach. 


A REFERENCE-BOOK PLAN 


All the above is recommended to the teacher who is confronted with the 
necessity of making book selections, and few teachers will escape this task at 
some time or other. It seems that this is the place at which to discuss an 
alternative to the usual choosing ofa text for the course. To be sure, if it is 
30 ordained by the authorities that a single text is selected and required for 
each student, this may have to be followed one but even then the teacher 
should propose the following plan, which is in nearly all respects a far 
Superior one to the uniform text plan. — 

The individual student is not prov! 
texts are bought and placed in the scho 


ded with his own text, but a set of 
ol as a part of the library. These 
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E . H H be 
books should be kept in the classroom if at all possible erm € e e 
desirable to use them during class. The books are not all ali cta E 
by the same author. They consist of several (three to six) copies yt 
tien different texts which deal with the field covered by the Se e 
some six to ten additional reference books of a general pope pet dal 
limitations of one text may be offset by the others and a cme aei om 
covered than could be possible from a single text. The pu : icai 
books during study periods and class periods. They "e d : i oca as it 
home use to special students, but most of the work is done a se a 
should be, and the books are left there where several classes ma etla 
of the same volumes. Some of the books will be found most usefu ther topic. 
class is studying onc topic, and others will be more useful for anot a 
The students must learn to use more than onc book. If all oie Es 
text are in use, another must be chosen. The student soon poet anil 
upon the book he is to use. He learns to use the indexes of all t a a He 
he may find it necessary to employ several volumes for a single Ma d 
gets different points of view from different writers and finds it ne a book. 
become critical and discriminating. The classes using this variety o; ercel, 
will have a distinct advantage over a class using but one text. It is a ngle 
lent plan to follow even if the rules insist upon the student possessing eclal 
text of his own. Students take to the idea and are found reading the sp 
reference volumes in preference to their own. : A 

It is true that er cie a class without a uniform text is more didt. 
With such a text. It requircs that the teacher have a broad knowledge AC 
subject matter in the field. It requires that the teacher make a pea du 
coordinated, and detailed plan of the course to be pursued in teac sed ato 
class. He must be familiar with each subject-matter unit and with t s dimi 
available. He must weigh each topic and decide what part of the tota exi 
and effort should be devoted to it. He must plan more carefully the gea 
to be done by students where there is individual variation and must p 
everything make possible the complete satisfaction of the students who fot 
unusual abilities in this field. However, it is possible to make pred 
these differences much more easily in such a well-planned course than w 
a one-book course is given in the same manner to all. ite 

In estimating the cost of this plan of providing texts, let us use an oe det 
Suppose that in a school there are three sections of 25 students eac a 
taking the one course in biology. Suppose that a satisfactory textbook c dia 
be purchased at $4.25. It would cost $318.75 to supply all students. wi. 
that the alternative plan was carried out and that five different texts O pi 
merit were chosen and 10 copies of each are provided at an average » arë 
$4.25 per copy. This would cost $212.50. Suppose that 10 reference boas » 
also provided at an average cost of $6 cach. This would cost $60, eee oF 
total expenditure of $272.50. These books may be divided into two a 
sets and one kept in the classroom while the others are placed in the li t for 
or study hall for study purposes. Certainly it offers a better ee text 
the classes than the single-book choice. The number of copies of eac 


: E uce 
provided would vary with its usefulness, and it might be possible to re 
the cost considerably. 


HOW TO CHOOSE A TEXT 103 


Where the school furnishes the major texts for its students the plan 
need have but little financial difficulties since it costs no more or even less. 
The books last much longer than those which students carry back and forth 
between school and home and become more of a permanent part of the 
equipment, making the cost over a period of years much less. In schools 
where the students provide their own books, it is a little more difficult. Each 
student should have a book fee to pay which is considerably less than the cost 
of a book. This might amount to about what he would lose on the resale of a 
book at the end of the year. In the meantime the school board will have to 
provide an additional outlay to supply enough books for the first year, but 
the fees would return this amount in about three years and there would still 
be a fairly good supply of books in fair condition. Once established the plan 
maintains itself at little cost, and the supply is kept up to date by additions. 

In selecting books for the reference plan of teaching the same set of 
criteria will be used, but the standards will be different when the teacher's 
plan is the deciding factor for the course instead of the plan of a text. This 
gives great flexibility to the course. The teacher plans the procedure and 
chooses what shall be done with each part. The students are given all the 
freedom commensurate with their needs, interests, and abilities. There is little 
need for considering whether all the teaching technics are provided in the 
text since they are provided in the teacher's plan. The text does not need 
to become an intricate methods book as well as a text. The attempt to make 
them such has greatly interfered with the value of some recent secondary 
School texts, and their use has handicapped and destroyed the initiative, ver- 
satility, and independence of many a capable teacher. 


WORKBOOKS 


With most of the texts that have been placed on the market in recent years 
has appeared a workbook written to accompany the text. Considering the 
large number of these workbooks, it is surprising that so few of them have 
So little of merit to warrant their use. They arc composed of large sheets in 
a temporary binding, designed to be written in and not used over again. 

he most widely adopted form consists of questions, the specific answers to 
Which are found in corresponding chapters of the text for which the work- 
book was written. Even the pages where the answers appear are designated 
for the student. It is obvious that in most cases the substance of the text 
Chapters was transformed from a declarative statement into an interrogative 
form and placed in the workbook. A variation of this is a form of statement 
In the workbook which is incomplete, blanks being left for filling in by the 
Student, the words to be filled in being found on designated pages in the 
text. They usually provide diagrams to be labeled and space for definitions 
or descriptions. Some contain review questions, some contain self-tests, and 
Some are accompanied by sets of teacher tests. Most of these tests are not 
diagnostic and are therefore of questionable value (see Chap. 6, Evaluation). 

A good workbook might be of very considerable value to both student and 
teacher. Instead of the student spending his class periods looking up informa- 
hon and filling in his workbook, he should be examining materials, recording 
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observations, experiments, and demonstrations. The workbook seat mpy 
him with this kind of work plus references to text material upon ses ; E 
subject but not to the specific answers. The work should be piman y " E 
biological material with problematic questions calling for the app Vir es 
facts learned both from reading and observation instead of telling the stude 

to look at certain pages in the text where the complete answer 2 puo 
The self-testing program should be regularly distributed through t " e 
with a provision made for the student to keep the results of his tests d ; a 
analysis and for comparison with the results of his teacher tests. T ee 

should measure more than memory of facts found in the text. When rs 
poorer workbooks are used, there is the danger that the teacher will con tit 
the student’s work too closely to the workbook and text and prepare for a 
little student activity in class. The labeling of diagrams is likely to a 
substitute for organisms and the hunting up of answers to questions a we 
stitute for problem solving. A form of workbook, however, which I 
most of these objectionable features might well be a very useful =e 
instrument. Therefore, in choosing a workbook, when one is required, t f 
teacher should use much care, selecting one on its own merits and pis 
merely because it was prepared to accompany the text. In most instances t 


s: E k- 
fact that it was specifically prepared for the text is one of its greatest wea 
nesses, 


PROBLEMS 


1. Consult the references at the end of this chapter and make out a card a 
judging texts according to your own ideas of what should be used. Compare wi 
the cards made out by other members of your class and discuss. T 

* Take about five or six textbooks written for the same kind of class, that E 
botany, biology, zoology, and examine them carefully. Score them upon your oW 
card. Compare the results With the scoring of others for the same books. wo 

- Get two or three workbooks for general biology from the library. Check t 


n of material, experimentation, or demonstration 


f 
b. Problem solving requiring application of knowledge rather than mere recall 0 


facts 
c. Self-testing from diagnostic tests ng the 
5. Take two of the lessons from a workbook which impresses you as doing er 
least beyond answering questions and rewrite these two lessons in such a mann 
as to utilize materials and Present problems for the student, test 
6. Using the results of Problem 5 above Prepare a self-test and a teacher 
that are diagnostic to accompany the revised lessons. 
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CHAPTER 10 


-4 Trends in the Curriculum »- 


In their early effort to educate American youth our ancestors established 
two types of schools. The first was the simple elementary school in which the 
more or less figurative ideal was the teaching of the three R's. This was de- 
signed for defeating illiteracy and for providing the common citizen with 
such elementary knowledge as would be of most practical worth to him in the 
activities of his everyday life. To be able to read, write, and do elementary 
calculations in numbers was a universal necessity. Life was complicated for 
most individuals then, and their time was mostly occupied with the labors 
which secured for them the very essentials of life. The leisure class was small. 
It did exist, however, and there were many who deemed an education above 
the most elementary level a very desirable provision for their children. As 2 
result there was established a second type, the Latin grammar schools an 
the private secondary schools in which such subjects as the classical lan- 
guages, history, literature, rhetoric, music, and art were the chief sources 
of culture. 

During most of the first century of our national development there was à 
steady educational growth which was a natural result of ah era of scientific 
discovery and invention. That period marks the development of the public 
high school offering higher education to all classes. Individuals and com- 
munities that were once isolated were brought into close association wit 
the rest of the world because of rapid advances in communication. People 
whose grandparents once waited weeks for meager news brought by stage 
now read the happenings of yesterday brought by telegraph from great dis- 
tances to their daily press. Natural resources with easy transportation an 
rapidly growing markets gave great impetus to industry and commerce. 
Necessities, comforts, luxuries, and wealth were the rewards. People became 
generally interested in the affairs of individuals whom they never saw P 
in the affairs of those upon whom their economic success often depended. 
There were unusual opportunities for individuals of exceptional talent or 
special training. The schools were expected to provide the special training 
and there was sufficient money to give nearly everyone the opportunity for 
a broader education. Curricula grew to take care of the demand. Subjects 
not only became numerous, they became broader and deeper as well. The 
teacher no longer taught all the subjects, especially in the higher grades, but 
he became a supposed authority in one or two fields. In these he taught an 
sought to create public interest. New subject-matter fields were being adde 
rapidly because of a demand for student training in many areas. This en- 
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couraged specialization in the training of teachers, and the result was more 
and more departmentalization of the schools until it sometimes reached into 
the carliest grades. 

The interest in nature and life was given a mighty impetus in the latter 
Part of the nineteenth century by the controversies which followed the 
publications of Darwin, Huxley, Wallace, and Spencer in regard to evolu- 
tion. This conflict continued to be fanned into flame periodically until it 
culminated in the famous Dayton, Tennessee, trial (1925) of the school 
teacher convicted of teaching evolution contrary to state law. Since that 
time the mention of evolution has scarcely produced any visible concern in 
the public mind. Attention, however, has been focused more and more upon 
those questions of biology which are related to health, public welfare, and 
social and personal behavior. 


THE DEVELOPMENT OF DEPARTMENTALIZATION 


Almost the entire educational system becamc imbued with the spirit of 
efficiency, and the means of obtaining it was by specialization. To this was 
added a demand for speed. More discoveries, new inventions, greater effi- 
ciency were demanded. Even the common laborer became a "specialist" and 
took pride. in being so thought. The finc arts, literature, and philosophy 
Struggled along but scarcely could be said to keep pace with mechanized 
industrialism. It was customary to organize the course in each field in such 
a fashion that any student could become specially trained by pursuing a 
Sequence of courses in that subject, or he could be made ready to follow 
them still further in college. Industrial and commercial training courses 
Were enlarged for those not contemplating college education. But what of 
the young student? He was not yet a specialist. He was being worked upon 

Y a group of specialists. He had not yet chosen a field of special effort; 
therefore he was material for any field. Though the student could not be- 
come a specialist in all fields, he was treated educationally as though he 
Could. He might choose a sequence of subjects to make him a specialist in 
One field, but he must pursue a similar sequence in all other fields if he were 


to Study in them at all. The error became apparent and a reaction developed 
against it, 


THE REACTION AGAINST DEPARTMENTALIZATION 


HA new interest in psychology, especially in its application to learning and 
Paid coda] procedure, aided somewhat the changes that came about as a 
ded ne the reaction. The idea of the junior high school began to take root, 
Pru JS was an important step toward a much more psychologically sound. 
2 inistration of the physical and mental differences and needs of students 
S as compared with those of more advanced adolescence. It made 
di insurer understanding of the problems of education aside from those 
E REN matter or content. There is now a widespread acceptance of the 
i Iples of the junior high school and of the organization and the admin- 

ation of such schools, but there is not always a clearness of understanding 
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of those principles among the teachers in junior high schools. Tira 
are taught in much the same way, the class routines are gone x = we 
there is sometimes little difference between the junior and senior x ae 
in general treatment. The senior division most generally is segrega pe E 
the junior division but not always. Sometimes the separation e Peed of 
one of administration. The true meaning of the junior high schoo P rt. 
the student's life and how it may best be handled should be ge y hing 
stood, and those teachers who are adept at this most difficult type n ai e 
should be properly compensated and honored so that it will no long Mà 
considered an “advance” to change to higher grades. In most apes the 
junior high school curriculum remained as departmentalized as that o 

ior high school. ^ z 
Phen tlie reaction set in which attempted to break down the lines of ps 
partmentalization. Like most reactions against well-established wer 
doing things, it came gradually. Changed emphasis was a dominent M 
in instituting such a reaction. So long as the aim of training in n pig 
the learning of detailed information, departmentalization served well en d 
But when the emphasis shifted from what to why and how a closer cor pos 
tion between fields of learning became necessary. These changes m 
phasis necessitated changes in the preparation of teachers. : Ses f 

1. The teacher had to become somewhat of an authority in a numbe his 
fields. Formerly he might learn the facts of his field and rest secure upon he 
knowledge, but if^he was now to be required to explain these rd la 
must know why and how as well as what, then he must be reasonably WC 
with all closely related fields. The botanist, for example, must know "m 
zoology, the zoologist some botany, and both must know some chemistry ai 
physics, etc. The biologists soon recognized these necessary relationships, a 
training in related sciences became usually a part of the prescribed w— ds 
for biology teachers in the better training schools. Some of the aum Pu 
have been less ready to recognize this relation. It was some time ° cial 
sociologists recognized biology and genetics as proper background for s ne 
studies in addition to psychology and before psychologists recognized n. á 
ology and anatomy as fundamental to psychology. The most recent ! x 
encies toward complete integration in subject-matter fields are mu ? 
still broader training on the part of teachers in that the teacher must se his 
ize his special field as an integral functional part of the life problems © 
student. tatit 

2. The teacher had to be versatile and adept at interpreting and ES RAE 
facts. This, of course, was but part of the need for diversity of aris ul 
Theoretically, the more widely the teacher was trained, the better he $ bility 
be in these respects. Of course this does not follow necessarily. The a e 
to correlate facts and to interpret phenomena in terms of properly ai 
nated causes and effects may vary with innate abilities and with e Lp 
training. The reaction which brought about the necessity for broader 


DER. US x x ilities 
better training in subject matter also placed a premium upon these abili 
as well. : 
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THE TENDENCY TO INTEGRATE 


_ The results of this reaction against departmentalization have crystallized 
Into several types of integration, first of which is the combined or mixed 
Course, second, the core course of the fused-subjects type, and third, the 
integrated or truly unified-subjects course. 

1. Combined Courses. At its peak, departmentalization had established 
astronomy, botany, chemistry, physiography, physiology, physics, and zoology 
as high school sciences. The tendency to integrate brought in general science 
as a mixture of all these. Early texts, and many recent ones, were so organ- 
ized that a small amount of space was devoted to chemistry, a small amount 
to physics, a small amount to biology, and so on, the subjects still taught 
Separately but in much less time. The usual objection was raised at once. 
The new subject was a hodge-podge with not enough of any science to 
warrant the name. This was countered with the excuse that few students 
Completed enough years of school to be able to learn anything in most of 
these fields unless they received it as general science. Both of these objections 
were true, and the situation has not been completely solved as yet, though 
there has been a move in the right direction in the recent tendencies toward 
true integration. In general science there has been a minimum of biology 
and a trend toward building natural science into a subject coordinate with 
the physical sciences, chemistry, and physics. This has resulted in a major 
decrease in human physiology, botany, and zoology as separate subjects. 
When this combination was first begun, the authors of texts and the teachers 
saw little else in the new arrangement than the necessity for taking what had 
been taught as botany, zoology, and physiology and reducing them to about 
One semester of botany and one semester of zoology and appending the new 
title of biology. There was much dissatisfaction on the part of the teachers 
who, trained under a strict departmentalized procedure, were unable to 
teach both subjects well. The result was that most of the biology was either 
botany with a smattering of zoology or vice versa. The early biology texts 
were written mostly by college professors who were botanists or zoologists, 
and the texts were decidedly unbalanced. But biology as a combined subject 
has taken a newer form based upon those principles which apply to living 
things generally. It seeks to emphasize the features of personal health and 
Public welfare and to teach fewer isolated facts but more generalizations. It 
has a decidedly valuable place in the high school curriculum and in its newer 
aspect has frequently found a place as a survey subject in colleges. In high 
schools it is rapidly gaining the prestige that heretofore has been granted 
to such sciences as chemistry, physics, and mathematics, and since its signif- 
lcance is as great or greater than any of these, there is no reason to suspect 
that it will not continue to be given its rightful place in the curriculum. 
. 2. The Core Course (Fused Subjects). As a second outgrowth of the reac- 
tion against departmentalization there was suggested the so-called core 
Courses, In general these are attempts to tie together certain subject-matter 
fields of closely related interest by centering several courses around one 
Course recognized as the core. Frequently this was the social science course 
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^ Ae nd 
toward which such other subjects as art, literature, E P n 
sometimes biology were supposed to contribute. This i Rx A acum 
did not obliterate the departmental lines but ENGINE SS "ep h school an 
cases subjugated certain of them. For example, in a esl Ft In 
attempt was made to establish a core course by fusing ee ere Feed he 
this case the main course was American history. Around t nha The history 
subjects of American literature, general science, and Beograp r Té wa np 
course dominated the thought of all lessons. American litera foni 8 
proached from its historical aspects, and what the student acis ne tirer 
literature side was largely a list of authors with dates and tit "e r ally 
writings. General science resolved itself into a history of id M erts 
in America. Too much emphasis was placed upon the lives of a few repared 
with a few facts concerning their works. One or two special PEU a 
by students upon the relation of scientific discoveries to ERE s histor 
ment were quite valuable. The geography lent itself well to [o teacher 
aspects of all the subjects, and the contributions of a very capa ation 
emphasized the geographic influence in the development of Me nana aal 
This attempt at a fusion course had much of value porone entalized 
Separate courses. Yet it was but a slight step away from the depan e took 
Procedure, since certain days were set aside when the science teac nd tHe 
the class and certain days when the English teacher held aa on 
course plan was almost completely dominated by the historica E oint 
These methods did: not allow so much breakdown of departmental Mic 
for the student as should have been the case. He still was) conscious a 25 
fact that he was studying political history, American literature, etc., 
Separate subjects. : i 
Such a plan was often more logical than workable. As will be seen mdi 
the success of any such coordination will depend upon the degree of coom a 
tion among the teachers in the fields involved and upon the extent to ben 
the contributions of each department are definitely integrated into e d out, 
ingful whole for the student. These two points, unless successfully carrie 


eos t fusion 
were of sufficient importance to wreck many a well-meant attempt a 
Courses. 


3. The Inte. 
idea k 


in an 


"m re 
grated, or Truly Unified, Courses. A variation of Dens 
nown sometimes as integrated or unified courses has been atte biects 
effort to secure a better balanced relationship between the su FIDE 
involved. These may be considered as still representing experiments, ki sake 
to find a means of coordinating the subject matter for the eee e ie 
without disrupting the departmental organization or allowing one A ing 
dominate the course out of proportion to its importance. The d The 
principle upon which such an integration is based is educationally idea. corda 
most modern methods employed in accomplishing these results have 


a ich 
with the organization of the content around the real problems of life whi 
lie within the actual experiences of the student. 


d 
How Floods Are Controlled and Water and Other Natural Resources Conserve 
1. General aim: the stu 


3 " A ife and 
dy of water conservation and its relation to the life 
industries of a region 
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2. Special topics that will probably be included in the studies made by students: 

- Rainfall, weather, and the work of the weather bureau 

- Soils, soil formation, and drainage 

- The relation of surface water to ground water 

- Natural vegetation of a region 

Animal life of the same region 

Rock formations and their relation to soil and drainage 

. The relation of rainfall and drainage to plant and animal life 

- Ways of conserving water 

Dam construction 

Dams and conservation of wild life 

- Dams and agriculture, irrigation 

Dams and their relation to power; hydraulic and electric 
m. Power and industrial development, etc. 

3. Age level: seventh to ninth grades 

4. Departmental areas associated in studies: physics, chemistry, agriculture, social 
Sciences, manual arts, general science, biology, and geography 


DPS rm T- 8 RO m8 


Such problems are being used as “How our community attempts to control 
epidemics and maintain the public health,” “What is the organization and 
Work of our chamber of commerce?” “How are floods controlled and water 
2nd other natural resources conserved?" For purposes of further clarifying 
the way in which this method works, suppose that we follow a brief explana- 
tion of the last problem as it might be carried out logically in a rural con- 


Solidated school of the Mississippi River valley. 


THE APPROACH 


The desire of the teacher is to make the subject of practical value and to 
make it as real as possible by objectifying the principles involved. Energy 
transfer is so vital to all phases of life and activity that it is best understood 
ìn its relation to natural phenomena and to man’s industries. The sources of 
€nergy and their conservation are, therefore, a key to the study project. As 
Many problems as one could wish may be undertaken in connection with the 
Study. A point of entry may be the study of early sources of energy in a 
Country such as pioneer America. When water power has been discussed, the 
Stage is set for the beginning of the project proper. A suggested method of 

oing this is to allow individuals or small groups to choose certain vital ele- 
ments (problems) of the project. Such problems may be: (1) How can the 
Water of any region be conserved? (2) How are small and large dams con- 
Structed? (3) How is water power utilized? (4) How is a water wheel con- 
structed? These may be formulated after conferences with other teachers, 
ee or interested persons outside the school, or after reading in the 
eld. 

After considerable interest has been aroused, the teacher now asks 
Whether the group would like to undertake a program in which it would 
actually carry out in construction the items which have been chosen as 
Problems. The construction of a small dam, the conservation of water through 

€ reservoir method, the construction of a water-driven power plant, the 
utilization of this power in various ways by transforming it into electricity, 
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heat, light, and motion may be studied. The great number of other conserva- 
tion problems which might also be involved will soon suggest themselves. 
General grouping of some of these has already been mentioned in the outline 
on the preceding page, under “2. Special topics.” 

The teachers will have to make a survey of the possibilities of the region. 
First, there must be a steady source of water. This may be a spring or an 
artesian well on a hillside or a brook in a gully or cven a small creek which 
seldom runs dry. Second, they must make sure of being able to use it for a 
school project, with full permission of others who might be concerned, such 


Fi. 10.1 A trul 


should last for EY tegrated science project in a rural area. This project could and 
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as the farmer who owns the land that would be used; the location and its 
accessibility; the use of a small adjacent tract of land for other purposes; and 
the possibility of other materials needed to carry out the project. The prop- 
erty involved does not need to be so large as might be supposed at first. 

One can easily think of several ways of beginning the work and of carrying 
it on. In general the social cooperative method of planning by conference is 
advisable. The teachers should meet with the groups and conduct the early 
meetings. Later they may organize and form an engineering society, with 
special selected duties and responsibilities. Since all the problems in the 
project are intimately interwoven, it will be impossible for anyone to go 
along without becoming thoroughly acquainted with what all others are 
doing. Frequent round-table discussions for planning are a necessity and 
a splendid way of inculcating the spirit of cooperation necessary in most 
of life's activities. 


THE PLANNING 


After several meetings and discussions, the group is ready to put its pre- 
liminary plans on paper. This done, a tour of the site is made. The location 
is definitely established and some elementary surveying done which makes 
use of some of the mathematics learned in the classroom. 'The results of 
this should be a general map and layout of the physical phases of the 
project. When the areas of each problem have been definitely agreed upon 
and mapped, the actual work may begin. 


THE EARLY CONSTRUCTION PHASES 


There now follows a number of work problems such as the staking out of 
the dam and each of the other structural features; the selecting and securing 
of needed structural materials; the construction work on the dam and other 
units, such as the power wheel, the power shed, the runways and ditches, 
etc. There follows an extended period of cooperative construction. The chief 
function of the teacher now becomes that of anticipator of difficulties which 
he places before the “engineers” as questions, leaving it largely for them to 
Solve. Above all, the teacher must refrain from becoming a dictator and a 
Constant source of information. He must step into the program only upon 
emergencies, One of the main objects of such a project is to arouse the inde- 
pendence, resourcefulness, and initiative of the student. He must be required 
to do much of his own thinking. 

_ The dam, runs, and ditches should be constructed according to specifica- 
tions. The type of water engine must be chosen, constructed, and installed, 
with reports made to the society. The power lines to be attached may be set 
up and a shed constructed in which such things as the electric generator and 
storage batteries are housed. Simple machines, heating and lighting devices 
may be constructed and installed as illustrations of the physical principles 
Involved in such apparatus so commonly used in home and industry today, 

"The area above the dam needs to be carefully “explored” and mapped to 
determine the topography, drainage, soil condition, vegetation, and probably 
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the fauna. Plans for soil and plant conservation must be made and a plant- 
ing program worked out, even if it cannot be carried out, or must be re- 
stricted. À survey of the animal inhabitants can be made just as extensive 
as the program would permit. Changes in both fauna and flora which natu- 
rally follow the dam construction should be carefully recorded. New animals 
such as fish, crayfish, insects, turtles, and frogs may be "planted" in the 
reservoir. Fish culture can here be given a special study, including a study of 
artificial propagation and government hatcheries. 4 

A small tract of land below the dam should be prepared for irrigation 
from the water used as power. If the land is rugged, this should be done by 
terracing a steep slope and cultivating the terraces. Planting may be carried 
on upon a small scale. Much is to be learned in connection with this agricul- 
tural phase of the project. Studies of a great variety can be introduced for 
report and discussion, though it may not actually be possible for them to be 
carried out locally. Trips to near-by dams, conservancy projects, water sup- 
ply systems, light and power plants, and fish hatcheries are important parts 
of the studies. 

All reports and surveys should be done finally on a uniform size of paper; 
and this material, together with maps and photographs, bound in some 
fashion as a record of the Progress of the project. The last item should con- 
sist of a general summary prepared jointly by all members, designating the 
general principles deduced and values derived from the project as a whole. 

One may readily conceive of such a unified project as the above being 
expanded to the extent of embodying the major portion of the entire curricu- 
lum. However, this is quite unnecessary. It has been outlined in a broad 
inclusive manner. It need not be carried out in all its implied phases. It 
could be greatly restricted and still be useful. In a suitable rural community; 
it could well be undertaken on a large scale and would involve much careful 
planning and stcering with close cooperation among departments or depart- 
mentalized faculty members, On the other hand, the construction phases 
could be reduced to an enlarged sand table or model problem, with the 
school laboratories substituting for the power shed, field surveys and mapping 
substituting for fauna and flora studies, etc. Such modifications would permit 
this type of integrated study to be used in village or in city schools. It 1$ 
evident that in any event the work is not centered in chemistry, biology. 
manual arts, general science, or any departmental área, nor need it emphasize 
any one of these. The students study in all areas because all areas are essen- 


tial factors of a group of genuine problems related to and part of life in 
the community. 


The teachers become de 


> partmentalized to some extent by their specializa- 
tion, but by virtue of this 


they should become efficient as well. They must 
be broadly trained to visualize properly the interrelationships of the unifie 

courses, and they must be capable of maintaining a balanced, workable 
relation with all other teachers involved. The student profits by the coordi- 
nated character of his studies and becomes practiced in understanding the 
relation of one field and another to a central problem. The problems of the 
student's life are not problems of history, problems of chemistry, or problems 
of biology—they are nearly always problems of such scope that they involve 
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chemistry, biology, and history and sometimes many other fields. Strict de- 
partmentalization tends to make the student piece together the substances 
of the segregated fields, while integration tends to train the student to attack 
his problems from whatever angles may be advantageous. 

In many of the larger city schools where the teacher instructs five or more 
sections in the same subject daily and departmentalism is rigidly administered, 
there are many obstacles to integrated teaching. It is often far easier for 
teachers in smaller schools and rural communities to carry on projects such 
as that suggested above, and it is there that many excellent opportunities lie 
for carrying out the best of modern education and for establishing advances 
in progressive teaching instead of following the standards of methods and 
technics of the highly formalized, large city schools. 

There is one complaint heard from those who still advocate strict depart- 
mentalization—that the student frequently gets just a smattering of informa- 
tion so that he is unable to do much with any of the integrated fields. This 
is a very valid objection and is one of the most serious criticisms against in- 
tegration and individualization in education. It must be dealt with and 
carefully guarded against. However, because integrating tendencies may 
mean insufficient factual learning, it does not mean that such a result must 
follow. It requires a continuous series of such studies to cover a comparable 
amount of subject matter, and it is true that when facts arc learned in rela- 
tion to their true bearing upon a problem those facts have real meaning in 
terms of life and that meaning gives a high degree of understanding to the 
student, greatly enhancing his retention. 

As to what is the best type of integration for any level of teaching or any 
kind of subject area, there is at present no answer. The more recent trend 
1s toward integration in some fashion. There have been many disappoint- 
ments and failures in the attempts made, but there have also been numerous 
Successes. The principle is sound, at least for the more elementary levels, 
and the difficulties that have hampered integration have been largely those 
inherent in the departmentalized character of the precedent plan of teaching 
and in the inabilities of the teachers and administrators to organize and 
Carry out a balanced and effective program. Integrated teaching is decidedly 
More difficult than drifting along in the same highly departmentalized 
fashion to which both the past organization and methods are adapted. There 
I5 much to be said for departmentalization and much for integration, and 
the wide.awake teacher will consider both carefully before condemning 
either. There may well be a place for some of both types of teaching. 

The past has shown numerous changes in educational theory coordinate 
to some extent with the rise of science, invention, and industrialism. The 
Present shows another revolution arising, in some respects the greatest yet, 
Breatest because of the extensive growth of general education and greatest 

Cause of the depth to which it is striking at many of the fundamentals of 
education. Progress will be slow, and the outcome will be a new educational 
Philosophy and new technics. r 

Onfusion in the teachers’ minds, with tendencies to adhere to what has 
een and the fear of the uncertainty of the future, as well as the tendency 
to leap off with each untried new theory and then to abandon it at the first 
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i where 
falter, must be avoided. A change in many ways is ne pns - 
it will lead during the next quarter of a century is difficu es P e 
present. Its course will be dominated by science at E hos pe ie 

scientific educational procedure in that our progress wi a a. vi 
mental and our results carefully evaluated. The ia €: incest 
the present will resolve themselves into a sounder scientific e me ee 
future which the younger teachers of today will have oe ee ‘a 
and the satisfaction of knowing that they had a part in its building. 


PROBLEMS 


i i ist of 

1. Outline the subject matter of a general biology course by a ei - 
topics. Make a set of problems based upon the life in a rural mes e oh 
would be found in your part of the country. Select two of these prol deis 
expand them, showing how they would be handled if taught by a comp 
integrated procedure. J -— 

dia the problem as given in 1 above, but use a village community a 
type. , 3 the 
n Repeat the problem as given in 1 above, using a large urban community as 
type. s anor 
Inquire in the schools of your city or county for examples y Ve ee 
core, courses, Interview the teachers concerned with these courses. ia edge 
of the students, Observe some of the classwork. Make a report with y 
analysis to your methods class. 
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SOURCES, PREPARATION, 
AND USES OF MATERIALS 


CHAPTER il 


-4 Examples of Student Projects &- 


The method of teaching by projects is widely accepted as a desirable pro- 
cedure in education. It is especially useful in the sciences where many of the 
materials arc of the so-called laboratory and field types. The project method 
also offers the student the opportunity of learning by activity, seeing, doing, 
and handling. 

This method requires the highest type of teaching in every respect. It 
necessitates more detailed planning, more foresight, more skill on the part 
of the teacher. In short, it is more work and therefore more frequently 
shunned. To the teachers of real ability who are alive in their field of subject 
Matter and are teachers at heart, there is no substitute for the method. 
Anything else is dull and woefully inadequate by comparison. Students, once 
trained in the method, are likely to be dissatisfied with anything else. 

, Often teachers speak of using the project method when the "project" con- 
sists of little more than the making of special reports on library readings or 
a assignment of minor individual problems. These are worthy procedures, 

ut isolated problems of this sort are not projects. A project includes a series 
of related problems and may cover a small portion of subject matter or an 
entire course. The problems are usually so begun that those attempted first 
Suggest or even demand those which follow. 
he five types given here as samples are intended to be of the more ex- 

€nsive variety. No one may care to follow one of these exactly as outlined, 
ut a careful examination of them should suggest the possibilities that lie in 
this method. Such factors as the location of the school, the number of students 
1N à class, and the number of classes per teacher may modify materially the 
Course pursued and the extent to which individual work may be carried on. 
ut any trend toward the method is likely to result in a distinct advance in 


the teaching of the course. 


AN AQUARIUM PROJECT 


rium can be made to play an important role. Most 
biology are found inherent in either a balanced or 
dence of animals directly or indirectly upon green 
Plants for their oxygen and food supplies is a striking case. The relation of carbon 
cu and light to photosynthesis and resulting products; food synthesis, food 
Orage, respiration, digestion, growth and reproduction of both plants and animals, 
Aa relation of bacteria to the nitrogen, phosphorus and sulfur cycles; parasitism 
Saprophytism, the relation of one kind of animal to another; food cycles; 
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of a any biology course an aqua 
[d € fundamental principles of 
alanced aquarium. The depen 


122 SOURCES, PREPARATION, AND USES OF MATERIALS 


succession of one population by another, especially under unbalanced circumstances; 
temperature and water relations, etc.; all may be considered. 

A well-directed aquarium project may be used very successfully at the beginning 
of the course as a center about which practically all the fundamental principles of 
biology may arise spontaneously from the student as problems which he elects to 
solve. Through skillful guidance of a teacher, the student may be led to the 
realization of the problems involved, may suggest ways to solve them, and finally 
make broad applications to the world about him, even including human society. 
Although this procedure may make a carefully prepared course of study difficult to 
follow in its logical order, the method is certain to be far more economical scholas- 
tically in that the student feels that the problems are his and that he must solve them. 
This at once removes lagging interest. The economy in learning is far greater, since 
he made the discoveries himself and was not merely told of them by the teacher. 
, From the above discussion it is apparent that such a project may be used to 
introduce the problems of an entire course. However, this same project may be used 
much later in the course to tie together all the subject matter which has been con- 
sidered before. It is of great value when considering the interrelationships of organ- 
isms in nature. Also well-stocked aquaria will supply living organisms of various 
sorts for laboratory use throughout the course. 

How to Prepare a Balanced Aquarium. The Aquarium Tank. A commercially 
built aquarium of about 5-gal. capacity is not an absolute necessity, although more 
or less ideal. Numerous other watertight containers may be substituted. One very 
nearly like the commercial tank may be built in the manual training shops by the 
students at little expense. If this is not feasible, fruit jars (quart and half gallon): 
i moaned gallon pickle jars, enameled pans, etc., may be used satisfactorily 
is aud aquaria are desired, 5-gal. carboys (such as those in which distilled water 

), wooden tubs, buckets, or barrels cut into halves will serve satisfactorily. 
el ae An inch or so of sand or soil should be added as a source 0 
v ere iara in which plants may become anchored and animals may burrat 
Bonoa zd nn m fewer difficulties at the start since water over it soon pes 
po ATA ifa cad £ used, and the water will eventually clear. Especially m en 
Su die iud E o! paper is laid on the mud and water poured on it rather ği ; 
faved; , g will be prevented to some extent, and the soil surface 1° 
mE TI tap mE well water, water from springs, ponds, or men 
oranie wich Gil d axe agg natural sources may contain numerous P 53 
eeina vide b interesting to establish in the aquarium. However, i 

) y not be realized for some time. A glass lid may be placed on the aqua 
TUR ILL excessive water loss. This is not a necessity, however. 
"ds eeu a S odra end es cii (Vallisneria) are about e 
genators, grow rapidi a E ple n qus plos Both iis exce iet peri 
Reale in die fece P. goo E for fishes, and may be used in various BETE 
or stream water, in ace E. io ye to he introduced especially in pond, T rge 
planti used: Algae m = bad sand, and also sticking to the animals and the BE 
animals, Bacteria and D sim STI con and ANY yomporant us ood Js kr es; 
and in additi protozoa, water mold, etc., may come from the same soure as 

E ion may fall in from the air. A de f kind shou 
not be introduced since sufficient ligh zag mat of pianis of anne te of 
photosynthesis, and eventually st ight may not penetrate, resulting in a low Y% op 
a: darable T y starvation and death. This debris may soon deve 
Plees (en Puen mass, and a long time is required for balancing: 

The Du s will soon determine the right number to use. 

on of the Aquarium. This must be given some attention. À 


th 
wind i "em nor 
ow exposure is best. If this is not available other exposures may be used if care 
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is taken to set the aquarium where direct sunlight will not fall on it for long periods. 
This is especially important when a glass lid covers the aquarium. Heat may be 
trapped to such an extent as to kill the organisms. The side next to the window may 
be painted or paper may be glued on it to prevent entrance of too many direct rays. 
Tn steam- or hot-water-heated laboratories a radiator is likely to be found beneath 
windows. If an aquarium is to be placed over one, care should be taken to see that 
there is plenty of ventilation between the aquarium and the radiator. If sufficient 
light is not available from a window, an electric light may be suspended a foot or 
so above the tank. The bulb should have a capacity of 100 to 150 watts. For tropical 
fish, in laboratories where the temperature is allowed to drop at night, an electric 
aquarium heater may be necessary. It can be obtained at aquarium supply stores, 
or may be constructed by some mechanically inclined student. 

Presentation of the Project to the Class. The Feeling of Choice. Depending upon 
where the project is used in the course, the approach to it will vary. If the aquarium 
is used to furnish a source for most of the problems taken up in the study, it may be 
necessary for the teacher actually to start some phases of the preparation in order 
to arouse curiosity on the part of students. If the use of the aquarium comes at a 
Point in the course following the study of many of the biological phenomena, then 
the class may suggest the making of an aquarium. In any event it is the express duty 
of the teacher to see that the class elects to construct and study the aquarium so that 
they feel that the work is of their own choosing. This must be done even when the 
teacher finds it necessary to "sell" the idea to the class. The feeling of choice is an 
important psychological element in teaching, especially where the problem-project 
Procedure is used. 

Setting up the Aquarium. So far as the teacher is concerned, the details of setting 
Up an aquarium have already been given above, or he may have had experience in 
doing this. It would be poor teaching technic, however, if the teacher began by tell- 
ing the class how an aquarium should be prepared. The preparation should furnish 
à series of problems which the class should have to discuss and decide upon since 
the principal problems involved are the keys to the very fundamental biological 
Pacis which should be clearly established in the student’s mind when they are 
ettled, 

Suppose that the class has decided to construct and study an aquarium. The 
next logical step for the teacher would be to have the members of the class suggest 
the problems that would have to be solved if the aquarium is to become a reality. 

riting the suggestions on the blackboard as they are received always encourages 
More thinking and suggestions from the class. Certainly such problems as the fol- 


Owing would be found in the list: 
1. What shall we use as a tank? 
2. What kinds of plants shall we use? 
3. Where can these plants be obtained? 
5. What kinds of animals shall we use? v 
5. What other materials should be placed in an aquarium? 2 
8. What kind of water should we use? 
7. How often should the water be changed? 
8. What food should be given to the animals? 


- Where should the aquarium be placed in the room? 
. If some time is devoted to a discussion of each of the problems, a great deal of 


ion Purposes of illustration let us consider some of the problems in the list of sugges- 


Ons, 
1. What shall we use as a tank? Water plants and animals do not normally 


live in beautiful glass-sided tanks; yet many schoolrooms go without an aquarium 
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because such a tank is not provided. A large vessel of almost any kind can bey r 
and smaller containers such as pans and jars are quite satisfactory for d un mat 
lems. Let the class decide what it can provide. If a glass aquarium is aval ds iens 
it, but why not let some students use a small wooden tub and have two 
aquaria? 25 Sidi s 

2. What kinds of plants shall we use? 

3. Where can ese plants be obtained? Perhaps aquatic plants m ve. 
been studied and can be named. Some students will suggest buying a sapp RA 
store or shop dealing in plants. But expense must be kept low. This he p "psa 
result in an offer to bring some plants from an aquarium at home or from os 
pool. If this is not possible, what is left? Surely someone will think of ET ee 
pond or stream and collecting something. If the students do not think Sn ^ en 
can be made to do so by being asked where these plants come from origina n ie 
all, the bringing of materials from a lagoon in the park or a pond or irae do 
way to school is much better educationally than buying them from a sl m dos 
they have, by their own discussion, settled what plants are to be used an 
they are to be obtained. . k 

à What kinds of animals shall we use? Fish are inseparable in our minds pert 
aquaria. The consideration of kinds of fish that could be used, however, me of 
stitute a very good problem and call for some study or experimenting. The logé 
such other animals as tadpoles and snails will be suggested, and finally, a re 
number of relatively uncommon species may be called to their "eem y their 
decision on such a matter will have to be based upon some knowledge o sed 
Structures and habits. For example, students will probably be much n am 
to find that a frog will drown if it is in deep water and cannot get out 2 
point, ; 

5. What other kinds of materials should be placed in an aquarium? pee 
question that may not be readily solved. Some will suggest shells, castles of Pte 
lain, stones, sand, and mud. Tt is an excellent question, since the answer di i 
guishes between ornament and necessity and, further, decides relative values Ee 
importance of mud, stone, and sand as sources of minerals. The absolute MESA e 
of these materials could be tested by some student preparing several small ph 
alike in all respects as to size and materials with the exception of the substra 


; A be 
of mud, sand, etc, Other ways in which the substratum is of importance may 
decided also. 


. H start 
may be linked with several other factors. If the students seem to be unable £ water 
a discussion of these points, they should be asked why change or source e treat- 
needs to be considered. This brings out the chemical content and chemica i 


accumulation of wastes, 
flora and fauna, the relation of or 


population, 


8. What food should be given to the animals? 
habits and requirements. It will depend somewh 


aia : icroor* 
in 6 and 7 above, Tt is directly related to changing of water, pollution, seer 
ganisms, ete. Whether the plants used in the aquarium can also serve as foo 
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any animal may have to be determined experimentally by testing in small jars with 
and without these plants and with and without additional feeding. 

9. Where should the aquarium be placed in the room? Here are problems of 
temperatures, both mean and extreme. Should it be near a heater, near a window, 
in direct sunlight, etc.? What organisms are affected by possible temperature 
changes? There are the problems of light. Should the direct rays of the sun be 
Permitted to strike the aquarium? How little light will suffice for the plants used? 
Does light have any effect upon any of the animals used? Can or should artificial 
light be employed and if so under what conditions? Photosynthesis gets full con- 
sideration here, 

The foregoing is but a very sketchy review of the possible problems arising and 
their discussion. It will, however, be quite apparent that if the aquarium project is 
employed as a means of setting up a series of related problems early in a course 
there will be brought forth nearly all the basic problems of biology especially in 
their ecological and social aspects. This becomes even much more apparent in the 
Study made during the unbalancing process which follows. The unbalancing of the 
aquarium should not be overlooked since it offers excellent opportunities for addi- 
tional problems. If the aquarium is used only as an illustration for subject matter 
already covered and is presented late in the course, it still offers excellent oppor- 
tunities for the student to make specific application of facts and generalizations to 
Concrete situations—a very important step in education and one that is too fre- 
quently omitted. 

bservations on the Balanced Aquarium. Soon after the aquarium is established, 
Students are likely to notice that growth is taking place in the plants. New roots, 
leaves, and runners are developing. This opens up many problems concerning grow- 
Mng organs, Young and mature elodea leaves may be examined with a microscope. 
he student finds that such structures are divided into compartments which he 
earns are cells, By higher magnification he discovers that cells are more than box- 
ike compartments, that they have contents. He learns to recognize cytoplasm, nuclei, 
Vacuoles, and chloroplasts. At this point, the question as to the nature of protoplasm 
ìs likely to arise, He would soon learn that protoplasm is composed of the nucleus 
and cytoplasm of a cell; that, physically, it is a colloidal suspension of a system of 
Substances such as protein fats, and carbohydrates; and that the system of sub- 
Stances has the unique property of being alive. One of the most common properties 
associated with something which is alive is that of movement under its own power, 
at least under certain conditions. r 

In the following paragraph, elodea is suggested as an aquarium plant, a leaf of 
Which when examined with the aid of a microscope reveals not only that cells are 
t e Units of structure of the elodea leaf, but that the protoplasm in each cell may 
be in Motion—cytoplasmic or protoplasmic streaming. This observation is enhanced 
in elodea by the presence of green plastids, the chloroplasts, which are oval, more 

ense masses of the cytoplasm, bearing the green pigment, chlorophyll. It is far 

etter educationally to allow the student to develop a concept of a cell, including 

€ protoplasmic system rather than to try defining the unit of structure—which 
cannot be done satisfactorily. After examining both young and mature leaves he 
Concludes that the mature leaf has larger cells than the young and that a leaf grows 
PY cells enlarging. He may even decide that new cells have developed. If the study 
I5 carried on to roots, it becomes quite evident that cell division occurs. The study 
May be enhanced by specially prepared root-tip slides which show various stages of 
cell division, or sporogenous masses from young anthers of a lily may be prepared 
to show ihe wee stages (Chap. 14). Many tissues of both plants and animals, 
Including tissues from our own bodies, may be studied for cell types. The inevitable 
Conclusion that “cells are the units of structure" is the result. 
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While these studies are going on, numerous observations may be made on hap- 
penings in the aquarium. It is obvious that all these cannot be taken up to their 
fullest extent immediately as observed. The teacher may suggest that careful notes 
of all observations be recorded and that they will be considered as rapidly as time 
permits and enough information has accumulated and principles have evolved to 
enable students to carry them out successfully. While studying elodea cells, cyto- 
plasmic streaming (cyclosis) is observed. Later, when food translocation in plants is 
being studied, it is found that this fact may be applied in solving certain other 
problems. While examining the same cell, someone may become interested in the 
green pigment of chloroplasts. Possibly the teacher may ask this student to accumu- 
late all the information he can concerning chlorophyll. He will be asked to report 
on his findings when the process of photosynthesis is considered. 

Someone finds a transparent, jellylike mass on the aquarium wall. Several slightly 
opaque dots can be seen within the mass. A question arises as to its identification. 
Some may be of the opinion that these are fish eggs; others may say they are snail 
eggs, insect eggs, something which was included in the soil, etc. The teacher does 
not confirm any of the opinions, but asks, "How can you find out?” Someone sug 
gests books. Another wants to observe the mass for several days and sce what 
happens. The teacher urges a combination of these methods. The next day more of 
these jellylike masses may be discovered, and are observed under the microscope. 
It is found that the dots appear to have several divisions (cells), and that older 
masses have dots with more cells in them. In the meantime someone finds a 
description of snail egg masses in some references supplied by the instructor. Within 
a few days the dots change and appear as miniature snails. These observations may 
Serve as a basis for studying reproduction in animals, and even may be carried over 
Ds plants. Reproduction of guppies in the aquarium may be observed and fol- 
te in the same way. It may lead to a morphological study of a fish, in which 

Issection is done. 
wen Es Reve observations arc in progress it is noticed that the aquarium walls 
A a » originally, and finally become so opaque that fish in the 
Mtioduces Fed € observed readily. Microscopic examination of this pote 
dophora Mes study of algae, both unicellular and multicellular. Gia 
fidn máy. be-discov C tae branched form likely to be found. Zoospore fore 
OEA Eran fis . This forms a basis for beginning studies on reped 
VN ( E reproductive material or slides of Ulothrix, Spirogyra, Oe a 
pim in n algae), etc., may be presented finally to introduce the fundamentals 

ual reproduction. These forms enable an inexperienced teacher to deal suc- 
pon with a subject which is often difficult to present. 

"us ye to time chains of bubbles may be noticed escaping from some of the 
"i S o rising to the water surface. The student assigned to read references 0? 
ES ur pe aked to report of his readings. He finds that chlorophyll wo 
glucose and Er in photosynthesis and that a simple (hexose) sugar suc ‘a 
SU He « ygen are products of this process. Someone suggests that the bubble 
splinter cn escaping. Some of the gas is collected and tested with a glowing 
thatthe en a s. piner bursts into flame, or glows more brightly, indicating 
Aaa oonde aod i ph arg to know if the bubbles often seen rising a à 
NHE finds th E € is asked to test some gas collected from suc 
We cident ibat d at a flash is produced when the glowing splinter is inserted. 
PA) T gas is not oxygen but acts like illuminating gas (methane o 
the Felati z £ act may be used later in the study of bacteria. An explanation o 

on of oxygen loss from green plants and aeration of an aquarium, micro" 


cosm, and : $ 
talise oxygen supply of the atmosphere and to all living organisms immediately 
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The question of sugar production may arise, which was reported from the litera- 
ture on chlorophyll. Someone suggests testing the aquarium water for glucose. Methods 
for such a test are given by the teacher. Negative results are obtained. From the 
Same report it was learned that sugar may be converted very quickly after its 
production into starch in leaves and other parts of a green plant. A student asks if 
there is a chemical test which indicates the presence of starch. The iodine test is 
described by the teacher. Numerous starch tests are made successfully on various 
green plants, including the aquarium forms. The synthesis of other foods is also 
considered. Since the algae on the aquarium walls were growing rapidly and repro- 
ducing, it is realized that considerable energy as well as foods must be necessary in 
building new cell materials. Also the algae are not on soil but on glass. In this way 
the class soon concludes that foods for plants must be carbohydrates, proteins, and 
fats just as for an animal body, and that in plants they are actually manufactured. 
Drilling on this conclusion will probably be necessary since so many assume that 
"plants get their food from soil" Fish nibbling at the algae or other aquar- 
ves plants reveal their food source. In this way food cycles may be empha- 
sized. 

"What becomes of the food used by plants and animals?" is a question which 
Should be emphasized. It is best that the question arise spontaneously from the 
Students, if possible. Digestion is suggested. This leads to a study of enzymes and 
digestion in general. A study of diffusion becomes necessary, also circulation in ani- 
mals, and the stem and root structures of plants. Attention is soon centered on how 
energy is obtained from the digested foods. Experiments demonstrating respiration 
then follow. Heat energy may be measured and tests made for carbon dioxide 
release (Chap. 19). From certain of these experiments it becomes evident that 
OXygen is necessary in this process in both plants and animals. 

he problem of necessity of new materials in the structure of cell walls and 
Protoplasm is apparent from the above. This initiates the problem of assimilation. 
)bservations of many such substances along with stored foods are made. The rela- 
tion of these materials to man leads invariably to interesting and complex applica- 
tions to human society. For example, the demand for spices and other tropical 
Products in Spain led Columbus to explore for a shorter route to India. Accidentally 
he discovered America. The vast resources of this new land have revolutionized the 


civilizat 
Wilizations of the world. 


PROJECTS ON ECOLOGY AND CONSERVATION 


The tro il is that they constantly become out of date, partly 
ecause we ede a a cn in human population throughout the 
World. In the United States about 8,000 new consumers appear at the dinner table 
every day (Ref, 31). These newcomers, equaling the population of three cities the 
Size of metropolitan Cleveland, Ohio, join our families each year, and they must be 
1,4 and clothed. Tt is, estimated that by the year 2,000 there will be available but 
? acre of land to each individual in Ohio. 


n additi : lation increase, the expanding economy of the 
nited cu eee 2 million acres of farm land to other uses. 


he production of food and fibers, great losses 


s crisis of agricultural land shortage 
it must be in terms of a continuous, 
ulation, Radical improvements 


Plentif, n i 0 
Mul food supply for the ever increasing pop d the pollice ania De made 


in 3 
all phases of agriculture must be achieved, an 
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conscious, appreciative, and cooperative through education by the biological 
sciences. 

This mad race will still be lost unless the control of world population is soon put 
into practice. 

Improvement in visualization on the part of the student is a constant challenge 
accepted by the better science teachers. Direct observation of the real thing has no 
equal in effecting visualization and in vitalizing learning. The biological sciences 
are fortunate in this respect, in that the subject in many instances may be 
directly observed. Conservation is an excellent medium by which these sciences 
may be transmitted, with meaning to all. This significance results because the sub- 
ject deals with current human problems, which can be solved by the application 
of scientific principles (Ref. 14). 


Suggested Projects Related to Conservation 


Through field trips become familiar with the common weeds found in lawns, 
gardens, and fields. Why are they regarded as pests? How may they be controlled 
(Ref. 63)? How many kinds of insects are found? What do they feed upon? How 
may they be controlled? Are birds and other animals present? How do they affect 
these areas? 

If possible, visit some local areas where native plants still exist. Identify as many 
trees, shrubs, and herbaceous plants as possible. Prepare a list of these. Note the 
habitat where each occurs. What animals are to be found? 

In cooperation with the owners, visit a productive farm where good land usage 
has been in continuous practice. Visit another farm with similar acreage on whic 
poor land usage has been the custom. Compare the production and quality of the 
products from the two farms. What could be done to bring the marginal farm an 
abandoned areas back into good production? If severe erosion has occurred, how 
can this be overcome? Compare soil profiles on the two farms. If your arca has à 
soil conservation district, the soil conservationist in charge will be of great aid to 
you in such studies, 

On the ‘marginal farm mentioned previously, gullies may have developed by 
water erosion, cutting back into croplands or pastures. A larger gully with a cone 
siderable drainage area may be stopped by constructing a dam, forming a pond. 
Look into the possible uses for such ponds. Do not overlook the possibilities of fish 
fulturerfar recreation or for commercial purposes. Ponds constructed on abandon? 
farm land in Alabama are known to produce annually 800 Ib. of fish per acre i 
proper management, including the application of fertilizer for increasing 
growth rate of algae. This is better food production than is usually obtained from 
an acre of good bluegrass pasture in terms of beef production. ; 
, Serious erosion may be controlled by planting black locust trees, if the terram 
is suitable. Black locusts of appropriate size make good fence posts and similar 
Mui timbers. This species is a leguminous tree, on the roots of which nitrogen” 
ES bacteria grow parasitically and fix free nitrogen from the atmosphere. ow. 

oes this fact fit into conservation of the area? In other marginal areas it may pe 

possible to grow several hardwood species of trees used in the manufacture of 
pay pulp. In southern Ohio, a good-sized industry is developing on land n° 
suitable for other types of agriculture. Some of the marginal land areas may be 
oe for the growth of species of pine and spruce, with the idea of marketing 

ese as Christmas trees. With the proper management, 5 to 8 years after planting 


time, a profitable annual return may b i eviously ^ 
marginal or abandoned area. y be realized from what was pr! d the 


Wa At the same time, soi ion i olled an 
soil is being improved. ; Soil erosion is contr 
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, An outdoor laboratory can be a valuable adjunct to the biological sciences taught 
in the public schools and may, in addition, serve as a community recreation center. 
One example may be sufficient to illustrate the possibilities of this type of project. 
The city charter of a small town provided a 100-acre tract of land for school pur- 
poses, This area is bounded on the west by a river, the school is located near the 
east end, and the south side is bordered by a state highway. An arboretum is being 
developed in the area near the river, with nature trails extending through it. This 
Portion is in use as an outdoor laboratory and a source of plant and animal species 
for study by classes in nature study, general science, and biology. No educational 
Procedure is so vital in learning as the direct observation of the real thing in its 
usual environment, A conservation club of young people of the city have greatly 
aided in the planting, in cooperation with the classes and teachers interested in the 
Project. The plan was initiated and is being supervised by three public-spirited 
conservation-minded residents and parents in the community. The area serves as 
an ideal recreation center for the locality. 

1 As cited in the introduction to this part on conservation, in addition to the loss 
in fertility caused by erosion and poor land-use practices, the number of arable 
acres per person is being reduced by other agencies. The rapid increase in human 
Population and the diversion of farm lands to other uses are occurring at an alarm- 
ing rate. The average student probably knows much more about the biology, 
Seography, history, and economics of a number of foreign nations than he does 
about his own country and state. Find out how many acres of farm land is being 
diverted annually into urban areas in your county or state. Collect data on the 
number of acres of agricultural lands being converted into superhighways, defense 
establishments, and other uses. 

In your county or state, what is being done about flood control? If your county 
has a soil conservation district, the conservationist in charge will be of great aid 
in relaying information as to what is being done in the way of flood and soil control. 

€ can suggest numerous field trips where these efforts can be observed in action. 

€ can make many suggestions for learning about soils and how they are formed. 

The biological sciences bear a tremendous responsibility in solving numerous 
crises with which human society is confronted. In biological education it is essential 
that means be contrived by which more adequate training is made available not 
only in the training of specialists, but in addition, the biological sciences must be 
“sold” to school administrators and other public officials, convincing them of the 
Important contributions which this area can make to general education. It is quite 
€ssential for the public to have the proper understanding and appreciation of the 
Values which accrue from these studies, in order that biological scientists may 
realize their maximum potential in the shortest period of time. Verify this point by 
recalling the great time lapse between the actual discovery of some fundamental 


Scientific principle and the time it is put into action, solving some human 


Problem, 

Of all th th’s surface, only about 11 per cent, or 4 billion 
c eon qiiae duction. It is estimated by the United 
beings living today. They are dependent 
d fibers. This means that there are avail- 


able to each person less than 11⁄2 acres, OF about nine average city lots, upon which 


"Inecessiti i ced. à 
Eid CHOKE gam ver If so, what evidence is locally available which 
indicates that an ice sheet a mile or more in thickness once crept down from the 
ar north over your locality? Are there granite boulders scattered over the land- 
Scape? Where did they come from and how did they get to their present place? 

n some areas and not in others? What 


Y are there moraines containing gravel i 


s 
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information 

is the origin of many lakes, ponds, swamps, and bogs? en = phen vios 
on how much time is thought to have elapsed since the g ghee ea e's 
locality. What is the depth of the glacial drift in your er deme eth (pdt 
material be explained? What agencies are responsible or t i A IP Wiss di 
place in the drift material, converting it into fertile agricu ^m; RE ace ie ERE 
humus and what is its origin? How can you detect humus an ues Why ave dd 
erties? Can it be increased in amount? How may it be oin aad eulos 
regions known as the prairies and great plains regarded as the cen 
i ri ? "n . H con- 
M irrita of Soil and Water. A striking and instructive poikanen wale 
servation of soil, water, and life can be performed by a class "s Ea moin 
apparatus besides that which can be made by students. This - E v read 
retention, and vegetation may be fairly simple, or may be wee a My et 
Figure 11.1 shows the essential elements of equipment. In ad e lex: 
and a volumetric measure for liquids, reading either in ounces or cubic 
are necessary. Ww 

The fan A, B, C, etc., are made of wood or metal. They are Perg For 
same in all dimensions. They are filled to the same level with mas pent 
example, A may contain unwashed sand, B may contain clay, a 


Fic. 11.1 A set of tra 


i f 
; i ation O 

ys such as these may be used in studying the conserv 
water, soil, erosion, eff 


€cts of planting, temperature, and evaporation. 


be 

humus, and so on, using as many types as desired. The size of the ont a 
regulated by where the experiments are run—larger if out of doors. ES careful 
measured amount of clear water is sprinkled over each box, being pete to a 
not to spill any outside the box. The following questions may serve as a gu 
simple study: the 
1. Which soil produces the most runoff? (As shown by surface puddles at 
lower end of the boxes or by runoff collected in vessels 1, 2; 3, etc.) 


ec 
2. Which soil retains moisture best? (As shown by the amounts of seepag' 
lected in a, b, c, etc.) 


3. Which soil produces the most sediment? 
1. Which soil remains 


5. Which soil is the most soluble? 


ol- 
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Many other problems and questions can be added if desired. In all cases insist 
upon accuracy and reason and guard against drawing conclusions of a general 
Character from too meager evidence. Introduce other modifying factors such as 
temperature, evaporation, slope, and wind. 

The relation of water to diffusion of foods and minerals in both plants and animals, 
Water as an end product of respiration, water as a raw material in the photosyn- 
thetic process, the presence of water in the blood stream, etc., lead to studies of 
water relations of both plants and animals (see Chaps. 17 and 20). This may be 
followed by ecological studies dealing with the distribution of plants and animals. 
Soon after such studies are begun it is realized that other factors besides water 
relations must be considered in plant and animal relationships in nature. The class 
may be led to see how industries are determined by ecological situations, how man 
fares under these varying circumstances, that he is a part of nature and is playing 
àn important role. Too often his part is a destructive one, upsetting balances which 
Tesult in floods, droughts, soil depletion, erosion, and famine. Even he may be 
forced to migrate to a more favorable situation or die, as soon as competition with 
the rest of nature becomes too great. Studies in conservation may follow. 

Variation in plants and animals may be brought out when studying aquatic, 
Swamp, bog, and other ecological situations. Parasitism, saprophytism, symbiotic 
relations, etc., all come in for their share of attention. The great number of species 
I5 a striking fact. The mention of the relationship of industry to ecological situations 
may suggest a study of some of the mineral deposits about which certain industries 
thrive. Even a superficial study of coal, peat, limestone, etc., brings out the fact that 
these are of plant and animal origin. The question of fossils and the kinds of plants 
and animals which have existed in the past is sure to arise. Comparisons with 
Present-day forms show that great variations have occurred throughout vast periods 
of time. This may lead to the study of heredity and evolution. ; : 

_ Throughout the project the student should be allowed. to make discoveries for 

Imself as far as possible. The presentation of situations which stimulate the students 
to investigate a problem is a worthy technic not to be overlooked. Many clever 
Maneuvers and plans may be required by the teacher. However, results in learning 
economy will more than pay for efforts exerted if the student is allowed to make his 
own discovery of facts, build definitions from them, and induce general principles. 

The Unbalancing of One of the Aquaria. If the teacher has been careful in guiding 
the establishment of the aquaria, it is almost certain that they will be found in a bal- 
anced condition. As previously shown, most of the fundamental problems and prin- 
Ciples of biology will have been raised from the balanced condition. There should 
Now follow a period of progressive unbalancing which will furnish many illustrations 
of additional problems and show a biological foundation for many of our social 


Problems, 


Overpopulation. By allowing students to make promiscuous additions to one of 


€ aquaria, all the probleins solved in balancing it are again produced. If more fish, 
tadpoles, crayfish, dragonfly nymphs, water bugs, turtle, frog, leech, or even an 
excess of some S the filamentous algae are added, the unbalancing will begin. It 
May tend to correct (balance) itself again if certain very unfavorable conditions 

9 not arise, that is, if unfavorable conditions beyond the endurance of some of the 
Organisms do not develop. As soon as some of the conditions become sufficiently 
Tetrimental, certain organisms will be unable to survive. The ecological and social 
implications of such a situation are unlimited. Succession in a community made up 
of a mixed population of plant and animal species is a thoroughly established eco- 
logical principle. Let us consider some of the possible steps in such a succession 


With ways of applying them. 


s 
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; i imal is an 

1. The addition of a number of individuals of a single ——Ó poscit 
Sk e in population. If the balanced condition was closely a e dh really in 
EE sare wil mean a food-supply problem since the cce pe 
Ces. If the animals are plant feeders, there will A vec he Sd enti I 
population, with improper nourishment and € tiie. It may mean a 
further means an increase of waste products and rapi Pe s, especially bacteria. 
deficiency of oxygen supply and an increase in ree ag sip a! oa Tn addi- 
Most of the original problems of the aquarium have to i Sed of the prob- 
tion, there is the possibility of increase by reproduction an ^ killful and plans his 
lems, plus cannibalism in some cases. If the teacher is at all s Ke above palis 
n ia eae rin wi the hoea o - 
without being told. When human society is substituted for the n involving 
ium, they will find many social problems duplicated. Dept eem points to be 
food supply, immigration, birth control, and health, calls for pe: 

idered. : other 

sd correct or interfere with the unbalancing process. an animalo e Te 
species, and you have problems of a mixed population arising: ee follows. The 
species with another for food, homes, and places to rear € e to plants, of 
preying of one species upon another, the relations of plant j* PE important. 
flesh eaters to plant feeders, and the cycles of interdependence ie some balance 
The use of tadpoles, crayfish, snails, and pee rx teng to effec 
si hey are scavengers and aid in removal o. pollution. M h o 

bud HR of js organism furnishes material for the ape ie 
molds, yeasts, and bacteria. Some of these organisms furnish food ag ng animals, 
small crustacea, Others such as water mold (Saprolegnia) may attack rie pn gills, 
especially if they have been injured. It will grow, for example, upon roduce ob- 
and eyes of fish. Those organisms which encourage or cause decay E Students 
noxious and often poisonous gases and substances dissolved in the Wee aes end 
may well become aware of their presence and their activities from the milky or 
the change in appearance of the water, which loses its clearness, er axe cul 
dark in color, They can examine Preparations on microscope slides an a health 
tures on agar plates, in broth tubes, etc. The application of sanitation 
is clear, ium. 

4. Suppose that a bloodsucking leech is added to a heavily stocked ec 
Parasitism is Suggested, possibly death. This suggests the senec eon INTE 
organisms for internal Parasites. A grass frog is an excellent host for lung waive: The 
flukes, intestinal roundworms, and protozoa. The material should be a ion. The 
sight of living parasites within the organs of their host gives a vivid impress of hosts 
distribution of blood parasites by bloodsucking animals and the succession 


-packing 
depending upon preying for their distribution are introduced. The meat-pa 
industry, sanitation, and food ins 


5. An unbalanced condition 
If a dense mat or algae or other 
volume of water, death and dis 
prevent entrance of ligh 
tion, since Photosynthesi 
may not be sufficien 


oxygen may be removed rapidly, 
involved. Murky water developing 


] : E E é » s nviron- 
of light stil] further. Bacterial action increases at a rapid rate in such an € 
ment. 
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A Project on Transition or Succession in a Mixed Plant Population of a Newly 
Seeded Pasture 


As stated elsewhere, succession in a community made up of a mixed population 
is an established ecological principle. This principle has been applied in agricul- 
ture for many years in crop rotations and in the conversion of a newly cultivated 
field into a bluegrass pasture. Figure 11.2 demonstrates the results of succession in 
a mixed population, starting with a newly prepared plot, seeded with a mixture 
of red clover, white clover, bluegrass, orchard grass, redtop, timothy, and meadow 
fescue. It shows graphically an analysis of the mixed population by percentage, 
Starting with seedling stage of first season, through a 5-year period. With relatively 
little effort, experimental plots may be prepared for testing the above principle and 
the results, shown graphically by R. G. Wiggans for the State of New York. Two 


Seeding Years after seeding year Percentage 
year 1st year 2nd year 3rd year 4th year Sth year of total yield 
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Fi. 11.2 "This chart represents succession or change in composition of a mixed popu- 
lation of pasture plants. The same principles apply to native plant communities. (Re- 
drawn from R. G. Wiggans.) 


3 by 6-ft. plots of good soil which can remain undisturbed for several years are 
necessary for the experiment. One plot is planted with the mixture of pasture 
plant species listed above, and the other is left without being purposely seeded. A 

nurse” crop of wheat, rye, or oats should be planted with the seven pasture species 
for Protection of the seedling plants during the year of seeding. The unplanted plot 
will undoubtedly have dormant seeds of numerous species already in the soil, and 
Others will likely be carried in by wind or other agencies, resulting in a mixed 
Population quite different from the first. These plots may continue as good teaching 
Material for several years. The experiment may be varied greatly at the discretion 
9f the teacher, In the Southern states, the Southwest, and Western areas, it may be 
necessary to select different mixtures of the pasture species which will grow more 
satisfactorily in these situations. Some care may be taken to eliminate shrub or tree 
Species such as elm, which if allowed to persist will soon dominate the herbaceous 
Species by shading, resulting in starvation. It is possible that the plot left un- 
planted, except by natural agencies, may eventually be dominated by blue- 
Brass. 
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Ecology of a Limited Area 


The relation that this project may have to the entire course can be varied pe 
its use as a small study covering not more than 2 weeks time to such proportion t H 
it may well serve as the basis for an entire semester or year of work. It can e Fe 
as an individual project, group project, or class project. The manner suggeste «c 
for its presentation indicates its use as a class project for at least seve 
weeks, : a 

It might serve equally well for a class in botany, zoology, general biology, Š 
general science. It might also be an excellent method for integrating several coana 
such as biology with geography or chemistry or mathematics. As in all the pa 
suggested, this one should be modified so as best to suit the conditions where 
is used. : D 

Choosing a Region to Be Studied. There are a number of important gonsideri 
tions to be made in beginning such a project, as accessibility, variety of habitats, 
variety of population. J » 

Accessibility. A location must be selected that can be reached conveniently a e 
necessary times, If, for instance, the project involves an entire class, the region n 
lic near enough to the school so that the entire class can visit it at least some o dE 
times. If it is to be an individual or small-group project, the distance could he 
much greater and time and transportation arranged for the students to visit t 
location. d 

Variety of Habitats. Enough variation in the landscape and physical fitu. a 
the area must be present to furnish a number of different situations and a variat! a 
in the flora and fauna. Such ideal combinations as the following should be sous 
for when possible: 

1. A wooded hill sloping down to a meadow with a pond or stream 

2. A wood lot with a pond or small stream 

3. A meadow with a creek which has tree-lined banks 


è . h 
4. A steep-sided valley running mostly east and west, giving north and sout 
slopes for comparisons 


However, while th 
husbanded park wit 
plot or back yard. 
would furnish a w 


ese conditions may be ideal, they are not necessary. A aver 
h plantings and lagoons can be used or even a cultivated P, S, 
It is quite apparent that such a region as combination 1 a P. 
k ide variety of possible habitats. The differences in elevation 4 
hill, meadow, and Stream; the differences in flora of woods, meadow, and streams 
the differences in light intensities, moisture retention, temperature variation, 4? 


UE t 
character of the soil would all have marked effects upon the population in differen 
parts of the area. 


: i D 
Variety of Population. This is essential in an extended study. It offers opP? 


5 „casion 
ents to the elements of ecology in that they have occa! 


animal, and physical factors of each habitat. ge 
nce the location has been selected, it is a distinct gavana 
d, even if it is done crudely. Get some general measurem- : 
Such as length and width, elevations and depressions. 


and practical applications of geometry or trigonometry ! 


be willing to instruct the class in the elements i: 
€ measurements, These should be laid off on ae 
m them. A general observational examination © E 
cation of principal features such as the extent 


One 
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showing definite topographic features, one showing vegetation areas, one showing 
the areas of soil variation, and one showing animal distribution could be constructed 
to advantage. A vertical section showing elevations exaggerated to emphasize the 
physical relief and the depths of water also would be valuable. These maps should 
be marked into zones. A very useful relief map may also be made from clay or plaster. 
If constructed on a large scale the various plant zones and many animal habitats 
may be added. All vertical sections and relief maps should have the relief features 
exaggerated about twice (Figs. 11.3, 11.4, 11.5). 

Collection and Detail Study. The intensive study from the purely biological 
standpoint should have many possibilities. 

Plants. An examination should be made of the principal plants found growing 
in the area. These can be identified and their distribution recorded upon the map. 


Fic. 11.3 Substratum map of an area to be studied for ecology. 


They may be collected and made into a school herbarium. Their economic im- 
Portance and whether they are wild or cultivated, native or introduced may be de- 
termined. Certain forms may be transplanted for cultivation in the classroom (see 
Chap. 12). Such a survey of the vegetation may be used as a basis for a course in 
botany or for such amount of study as may be desired on their structure, physiology, 
taxonomy, or importance to man. 

Animals. A similar examination for the animals living in the area should be made. 

ese may be recorded upon another map. A record should be kept for al] forms 
collected, giving such information as the name of the animal, exact location where 
found, the conditions of the environment where collected, time of day and time of 
Year (date). All such information should be marked upon each specimen or con- 
tainer and kept as a school collection and for further study later in the laboratory. 

uch living material may be transferred to the laboratory and cultured there (see 
Chap. 12). 
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i i tumn, 
Laboratory Study. If the field work is started and gam o d oo om ms 
enough material and information may be collected to ipn a F E 
cussion material during most of the winter when field work is 1 ess - 2: ep 
Some study should be done in the field during the winter, howev a er bape vw 
where many organisms spend this portion of their lives in nature. vs y poet oi 
in the fall and the spring, they must have spent the winter see : Aedes 
Preserved specimens of both plants and animals should be aer hos ndn: 
for class usc. Living forms can be cultured in the laboratory, an t us niemand 
of moncy spent for their purchase and give the students a far eap € erc 
of their structure and physiology, which they will find invaluable. I e bam 
ecological correlations and deductions. These materials may furnis| i. TE 
carrying out many demonstrations and experiments either indoors or out, 
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Fic. 11.4 A vegetation map to be studied for ecology. 


of which should assist 
hypotheses. 

Summary and Correla: 
has in mind a picture of 


: ing their 
the students in their analyses of problems and in testing 


TS; 
tions. In such a program as this, the teacher, P owl 
the complete study, The teacher must remember, hi orkin£ 
that no such view of the whole exists in the minds of the students who arg ortanté 
piecemeal from day to day, Consequently, it becomes a matter of first impo. 


e 
: à ; ime th 
that something be done to assure their obtaining such a picture by the ti 

work is finished. 


Completion o 
for the student 
series of suct 

1. The su 

2. The su 


z irable 
f Composite Maps. This concept of meaning which is so dri a 
can best be introduced by the construction of a composite map 
1 maps. Illustrations of such maps might be 
perimposing of a vegetation map upon a soils map à 
perimposing of an animal distribution map upon a vegetation map 
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3. The correlating of drainage features with plant distribution 

4. The correlation of plant or animal distribution with depths of water in pond 
or lake 

5. The correlation of light intensity with the distribution of certain plants and 
animals 

6. Many other relationships may be included and two, or more, placed upon 
one map 

Correlation of Data and Generalizations. From such efforts there will be im- 
pressed upon the student a realization of the interrelationships of environmental 
factors and their effects upon the distribution of organisms. Many inductions are 
possible from such data, and the student is given practice in thinking correctly and 
in generalizing from his conclusions. 

Application of These Generalizations to Life Situations. One of the tests of the 
rcal value of study and knowledge to the individual is his ability to apply the learn- 
ing to other situations so as to understand new facts and to interpret and solve other 
problems. The type of biology studied above should make possible much of this 
for the students. Social behavior of all organisms, including man, can rightly be 


E e i 


Fic. 11.5 Vertical section of an arca to be studied for ecology: A, pond with floating 
Plants; B, cattails; C, shore line with sedges; D, wash clay with weeds; E, eroding 
clay bank; F, grass; G, clay and gravel; H, wood-lot humus. 


explained upon the basis of ecology. Industrial problems are inseparably joined 
With ecological situations. For example, the location of factories often depends 
upon the mineral resources, the rainfall and water power, the character of the soil, 
the kinds of plants or animals reared or existing naturally, the topography, etc. It is 
à chain of connected and interrelated factors existing as causes and effects often 
much after the fashion of the nursery rhyme about the old lady whose pig would 
not jump over the stile, The kinds of domestic animals that a farmer rears for 
profit may depend upon his nearness to a market, or upon the kinds of crops that 
he can grow, which in turn may be determined by the character of the soil, or the 
length of the growing season, or the mean annual temperature, or the extremes of 
annual variation of temperature, or the mean rainfall, or the distribution of rainfall 
in time, or any combination of these and other factors. The student should realize 
these relationships and their significance in interpretation of many social and 
personal problems. 

The state and Federal governments supply free or at little cost numerou. bulletins 
and maps showing many correlations of this nature. 
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A PROJECT ON DOMESTICATED PLANTS AND THEIR PRODUCTS 


Corn is selected here as an example for discussion. However, any one of iue 
other crop plants could be substituted according to the local — prec 
The following are suggested as other possibilities: soybcans, wheat, flax, tatoes 
cotton, sugar cane, rice, tomatoes, apples, grapes, potatoes, peanuts, — o lace 
beans, pumpkins, squashes, gourds, pineapples, bananas, and citrus iru 
references). > 

Hoes and Economic Importance. Corn, or maize, is one of the world s a 
important cultivated plants. A great human population is dependent -— - T d 
indirectly upon this plant and its products. It is indigenous to the New UA 
The natives had selected out the chief endosperm types, and probably had d He 
them for centuries before Columbus discovered America. Many improxamiki s a fs 
been made since its introduction into modern civilizations. A great array of pro i 
are available now from corn, and the number is being added to constantly. ee 
of the great economic importance and interesting history, its story offers a va nich 
project for group study. Following are some suggestions of major nS = 
may be considered. Numerous others may be selected for the project, accor ing 
the situation at hand. r in 

Manufactured Products from Corn. Numerous corn products are now 1n "s x. 
many industries. Only a few of the more important ones will be considered SE 

1. The possibilities of industrial alcohol from corn is one of its most p 
products. The need of an efficient fuel to save and even take the place of our Tant 
diminishing petroleum supply for gasoline is one of the greatest international P e 
lems of chemistry. A study of alcoholic fermentation and distillation stg in 
importance of carbohydrates, especially starch, as sources of stored energy. ud 
of the carbohydrates involves a study of photosynthesis. This process, in ing 
involves leaf, stem, root, and grain structure. Facts and principles cont 
diffusion and condensation of glucose to starch or other carbohydrates, storag® a i 
are necessary in understanding the problems. Preparation of the starchy pes A 
for fermenting, the action of yeast on the starch, and the products produced x i 
very important role, If desirable, acetic acid fermentation may also be stu I 5 
Distillation of the fermented alcoholic material requires knowledge of principles, 
still structure and operation. Concentration of the alcohol, resulting finally 1n T 
preparation of absolute alcohol, requires the use of several chemical and physi ity 
principles, all of which are within the range of the average laboratory. The ingen 
of the student is challenged. He is offered a chance to make use of many cett 
principles developed during the course, He is awakened to the fact that indus 
problems depend upon these principles for their solution. d is 

2. Dextrose is an important corn product. It is an excellent human food à? rc 
often recommended in infant feeding. It is manufactured by heating com e 
in the presence of weak hydrochloric acid (about 3 per cent) in a closed nec ro. 
acid is neutralized by sodium carbonate after conversion has occurred. Here € st a 
ically inclined students are given a chance to show their ability in making at m 
crude sugar solution. Investigations may be made of the various uses of dext" 
its value as a food in the human body, involving a study of physiology. dhe- 
_ 9. Other manufactured products such as dry dextrin, corn oil, cornstarch, ws n 
SIVCS, sizing compounds for textiles, glue, corn nitroglycerine (mositol), plastic? tone 
sirup, corn molasses, protein plastic, lactic acid, sodium and calcium lactate, oxides 
butanol, nitrocellulose lacquer, hydrogen, methanol, formaldehyde, carbon un in 
etc, offer other possibilities for investigation. Many of these are found in ¥ 


EXAMPLES OF STUDENT PROJECTS 139 


industry and in nearly every home and often are not suspected as having originated 
from corn. 

4, In the above investigations the student learns that corn with starchy endosperm 
is most profitably used in the alcoholic fermentation process. This may lead to a 
collection of various corn types as starchy, sweet, flint, pop, and waxy endosperm 
forms. This may be expanded to include several varieties of each. The ear speci- 
mens may be shellacked or otherwise treated to prevent insect injury and mounted 
in cases or glass jars for permanent display. Through seedsmen and county or state 
fair association secretaries, much help may be received in obtaining specimens. 

5. Knowledge of the various types of corn and their numerous varieties may 
raise questions as to their origin. This will bring out the fact that the Indians, in their 
primitive ways, had selected the fundamental types and were growing them when 
Columbus discovered America. A study of the uses for food and ceremonial purposes 
by the aborigines is a fascinating study of history. Many of these practices are still 
carried out by Indians of the Southwestern states and in Mexico. 

6. Contact with the various corn types may arouse interest in heredity of these 
forms. A collection of the various endosperm types may be made. Collections of 
specimens showing xenia are of interest and of practical significance. Details of 
how xenia occurs involves an understanding of sexual reproduction in seed plants as 
well as endosperm formation. The growing of albino corn seedlings (Chap. 23) 
obtaining a 3:1 ratio is very worth while since this ratio and its derivatives are so 
fundamental in the study of heredity in many sexually produced organisms. This 
leads to a consideration of hybrid field corn and hybrid sweet corn and their uses in 
modern corn production. Charts may be prepared showing why only the hybrid, 
or Fy generation, is of value. This is certain to arouse interest in an agricultural 
community, even outside the school. 3 ; E. z 

7. Work with any of the divisions of this project will raise the question of corn 
ecology. The “corn belt” is often referred to. Preparation of distribution maps 
Outlining the belt are very worth while in understanding the relation of corn grow- 
ing to the environment. Enumeration and study of environmental conditions which 
determine this distribution will emphasize the importance of environment in the 
distribution of any organism. The distribution of corn determines the centralization 
of a large human population throughout the corn belt and determines the location 
of the most important hog- and cattle-producing areas. Extension of the range of 
corn-growing localities through breeding and selection adds another important 
Phase for study. Government publications as well as numerous books will supply 
such data. 


A PROJECT ON RADIATION BIOLOGY 
Ever since the explosion of the first atomic b 


that ma is ability to release 

n has demonstrated his ability r 
€retofore not comprehended by the masses. It is equally apparent that these 
vnergies are not merely destructive forces but give promise of becoming the greatest 


oon to man’s future growth and the evolution of his society. Already great po- 
tentials in the fields of agriculture, medicine, and biological research have been 
recognized. It is important that some understanding of radiations and their effects 


€ given to students in science classes at as early a point in their schooling as possible. 
uch radiations, however, are not harmless forces that can be manipulated by 
Students, and E uei by teachers unless they have had adequate training and 
Xperience to guarantee personal safety to themse! 
Ng isotopes, the following points are musts: 


omb it has been readily apparent 
and control tremendous energies 
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1. Use only compounds emitting soft rays. A d 

2. Be sure that all materials and equipment are so kept that only the experience 
teacher can possibly have access to them. h 

3. Procure isotopes in quantities small enough to be used up completely when 
the demonstrations are over. 

4. Use isotopes with short half-lives. : die? 

5. Have a carefully laid-out plan for the disposal of all materials at the end 0 
each demonstration. . 

6. Take every prescribed precaution during the conduct of a demonstration. 

Carelessness and lack of experience are the greatest sources of danger. If proper 
care is taken, these demonstrations can be made very enlightening to the students 
and will provide an excellent source of interest and enthusiasm. 


Radioisotope Methods in Biology 


Experiments and demonstrations with the use of radioactive isotopes can be A 
formed with relative ease in the high school classroom. A minimum of egupm 
such as X-ray film, a survey meter, or a Geiger counter are necessary to carry ou 
these experiments adequately. = 

In many experiments or demonstrations a combination of two detecting devices 
can be used, such as film and a Geiger counter. The use of these two devices on 
one of the suggested experiments for use in high school biology classes makes for 
more accurate and comprehensive measurements and thus a more complete experr 
ment. 

If two goldfish about 3 in. long are used, two experiments can be performed a: 
outlined below. The experiment with fish no. 2 involves rapid careful weighing ° 
internal organs and is more difficult. 131) i5 

Experiment with Fish No. 1. Objectives. (1) To determine if iodine (pa) $ 
absorbed by a goldfish from the water in which it is being kept. (2) To derer 
where the radioactive iodine concentrates in the body of the fish. (3) To ma 
these determinations by the use of radioautographs. s 1 

Materials. Laboratory coat; surgeon's rubber gloves; aquarium approximate y 
6 by 6 by 12 in., or jar of similar capacity; aquatic plants (such as elodea); Nur 
film, film holder, black paper, film developer, and fixer; 100 cc. of 10 per E 
solution of potassium iodide; dissecting pan; Saran wrap; aluminum foil, to S 
table tops or trays used in handling radioactive materials; dissecting kit--eciso i 
pithing needle, forceps; Geiger counter and scaler; 10 microcuries of I9! (may - 
in the form of iodinated serum albumin); 2 dozen planchets (aluminum um 
bottle caps can be used); two goldfish, 3 in. long. 

Procedure 

1. Add 2 liters of water to the aquarium. 


2. Remove 1 cc. of water and add it to a planchet. Let the sample dry. Delete 
the radioactivity of the sample with the Geiger counter. Record the result. the 
3. Quickly determine the radioactivity of the goldfish by placing it beneath 
Geiger tube for a period of 1 min, Record the count. 


H . i e 
4. Add 10 microcuries of radioactive iodine to the 2 liters of water Jn th 


, aquarium. Remove 1 cc. of water and place it on a planchet. Let the sample on 
and determine the radioa 


civit ; ; ter. Recor 

red ctivity of the sample with the Geiger coun $; 

5. Place some elodea in the aquarium with the two small goldfish and allo 
them to remain there for 3 days. 

6. Next, remove one goldfish from the aquarium with a small net or by 2. 

covered with a rubber glove. Hold the fish in running water for 3 or A 


hand 
n. t? 
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remove surface contamination, or rinse in three separate beakers of 1-liter capacity 
each. Rinse the fish in a dilute solution of potassium iodide further to decontaminate 
the surface. 

7. Wrap the fish securely in Saran wrap. 

8. Take the fish and all other photographic material to the darkroom to prepare 
the autoradiograph. 

Autoradiograph Preparation 

1. Place the fish on a sheet of Saran wrap and carefully enclose it so that fluids 
from the body will not leak out and contaminate the film and obscure the picture. 

2. Prepare a cassette with film. Place the wrapped fish on the film, close the 
cassette and place it in the refrigerator for 3 to 6 hr. The time of exposure for best 
results will have to be determined through experience. See Fig. 11.6 for a modified 
film and fish holder that could replace the cassette, made from two smooth blocks 
of wood. 


Cut-out „Hinge 
depression ^ 

Blocks 7” 
of woods_ 


Fish in 74 Tes 
saran wrap’ X ray film 


Fic. 11.6 A cassette may be made according to this illustration: two blocks of wood, 


one with depression; two hinges; X-ray film; Saran wrap; black paper to wrap around 
Cassette. 


3. Remove the cassette from the refrigerator and take it once again to the dark- 
room. Remove the film from the cassette without moving the fish. Place the film 
on a solid surface and with a pin or stylus mark the outline of the head or tail by 
scratching the film. Remove the wrapped fish and place it in waste container in 
the darkroom. 

4. Develop the film according to directions obtained with the X-ray developer. 
After developing, the film should be placed in "fixer" for about 10 min., washed in 
tap water for an hour and then hung up to dry. 

5. Interpretation of the autoradiographs will improve with time and experience. 
Autoradiographs are particularly good for many kinds of plant material, especially 
leaves and stems. For plant material choose any fresh growing twig or seedling, 
such as a bean seedling, and place it in a beaker, flask, or jar containing the solu- 
tion of [131 (or P32) and allow it to stand where it cannot be upset for 2 days. 
Remember that the plant and its juices are contaminated. Remove a leaf with 
forceps and proceed as with the fish. 

6. The laboratory being used for radioisotope experiments should have a sepa- 
rate sink where low-level radioactive solutions can be disposed of and diluted many 
times with running water It is particularly valuable to have a survey meter to 
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check all areas where radioactivity was used to locate any possible sources of 
contamination. . 

7. One of the most important and helpful procedures is to get all the materials 
together and go through every step of the experiment without radioisotopes. This 
enables one to learn the importance of planning ahead and having everything ready. 
Every step of the procedure should also be memorized so that it is not necessary 
to turn pages of books with contaminated hands. 

Experiment with Fish No. 2. Objectives. To determine the uptake of 1231 by 
various organs of the goldfish. k 

Materials. Goldfish; good analytical balance (if available); dissecting instru- 
ments; concentrated nitric acid (HNO3); hot plate and aluminum foil; planchets or 
aluminum milk-bottle caps; masking tape; Geiger counter and scaler. 

Procedure. This experiment is best carried out with at least two persons. The 
whole procedure should be gone through at least once without using the radioactive 
material It is especially important to be completely familiar with the internal 
organs of the fish and the best way to remove them. . 

1. One person should remove the fish from the aquarium, prepare it for dissec- 
tion and removal of the organs. The second person should number and weigh thc 
planchets and make a record on a table (see below). Be ready to weigh the organs 
as soon as they are removed from the fish. The same number of planchets should be 
weighed as organs to be removed. 

2. The wet weight of each organ removed should be determined as quickly as 
possible. 

3. After all organs to be studied have been removed and weighed, the planchets 
containing them should be transferred to a chemical hood. Several drops of con- 
centrated nitric acid (HNO ) should be placed on each organ still on planchet. 
The digestion of the tissue can be speeded up by placing the planchets beneath a 
heat lamp in the hood and allowing the vapor to come off slowly. 

4. After all the HNO; is evaporated and the tissue samples are dried, they can 

€ placed one at a time beneath the Geiger counter and their relative radioactivity 
determined. 

5. If a ditto machine or some other duplicating device is available, one could 
make a number of sheets for recording the data of an experiment such as the 0n* 
Just described. Select any number of organs. It is not necessary to use all of them. 
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6. Counts will indicate whether some organs retain more I1! than others, Dis- 
cussion should follow to suggest how isotopes can be used as tracers in biological 
experimentation and human medicine. 


Experiment with Irradiated Seeds 


Another instructive demonstration of radiation effects can be performed without 
the use of isotopes, and therefore without danger of contamination, by planting 
irradiated seeds. See Irradiation Facilities below for sources of these materials. 
Find out what is available before ordering. 

Objectives. (1) To determine the effects of irradiation upon the time of germina- 
tion of seeds. (2) To determine the effects of irradiation upon growth, (3) To 
determine other visible effects such as leaf shape, coloration, and branching as 
compared with check plants grown from nonirradiated seeds. (Be sure that you 
have checks grown under identical conditions.) 

Materials. Sufficient number of irradiated seeds to grow at least 20 plants of each 
type, as well as checks. Seeds may be irradiated by Co® to produce such numbers 
as 1,000 r, 10,000 r, 20,000 r, 40,000 r, etc. Flats, or trays, with soil for planting 
seeds; separate tray for each amount of irradiation. 

Procedure 

1. Plant each kind of seed in separate trays, using equal amounts of soil in each 
tray and equal numbers of seeds per tray. 

- Mark each tray clearly so as to distinguish the amounts of irradiation. 

- Water each tray every day with equal amounts of water. 

- Watch each tray daily for germination and record the time after planting. 
Measure the growth rates and record these daily. 

. Make a table for recording data. Later, make graphs where possible. 

- Watch for other differences such as coloration, leaf shape and size, branching. 

This experiment could be extended by growing plants to maturity and getting 
seeds which could be planted again to see if any of the noted effects are hereditary. 

Irradiation Facilities. Irradiated materials may be obtained from the following 
Sources: 

The Argonne High Level Gamma Irradiation Facility, Argonne National Labo- 
ratory, 9700 South Cass Ave., Argonne, Ill. 

Oak Ridge Atom Industries, 845 Chicago Ave., Evanston, Ill. Irradiated flower 
and vegetable seeds can be purchased from this organization. 

The Ransom Seed Company, 9056 E. Arcadia Ave., San Gabriel, Calif. Two 
Pages of their catalogue are devoted to several kinds of irradiated seeds of flowers, 
vegetables, field crops, fruit trees, and forest trees. This list is accompanied by 
Some discussion and photographic illustrations, indicating the importance of use 
of such material as projects for biology in schools. 

Radiation Equipment. Equipment may be obtained from the following com- 
panies: 

Nuclear Chicago Corporation, 333 E. Howard St., Des Plaines, Ill. 

Landsverk Electrometer Co., 641 Sonora Ave., Glendale 1, Calif. 

Radiation Counter Laboratories, Inc., Nucleonic Park, Spokie, Ill. 


NDAN 


A PROJECT ON CHROMATOGRAPHY 


Chromatography began with a botanist, M. Tswett, who found that when he 
packed a glass cylinder with certain powders and then poured a green plant extract 
over it, separate bands of differently colored pigments would develop as the solu- 
tion flowed down the tube. In this way he could separate and identify the several 
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other pigments found in green 

Fa ip ae ene ee ican di d gni 
Eu ined materials. Gradually it became possible also to — noga oni 
materials if these could be made visible by ultraviolet light or, pci uiis 
by the use of locating reagents which reacted with desired materials "a^ do im: 
products. Not until 1944 was paper chromatography first ipn cud anb. 
portant simplification in technique has all but supplanted column chro e density 

We may define paper chromatography as a technique for separating po pn 
ing selected components of a drop of sample deposited as a spot on jae 
When a mixture of two or more solvents is caused to flow slowly Eon iis by 
and past the spot, the soluble components of the sample will be move oer ud 
the solvent flow to varying distances, depending on their different bs i 
Ideally each component will be deposited as a separate spot € n. "m. 
solubility, but in complex mixtures some components may not pacc E ete 
other with a given solvent mixture, but can be isolated by then e jet sen 
solvent at right angles to the first, resulting in a “two-dimensional qum Se ol 
Finally the desired components are made to appear as colored spots by 
an appropriate locating reagent. it 

cca of the sti Ps amounts of material needed for Rene 
has found many uses in Biology. By this procedure it is possible to a XE 
identify the specific amino acids or soluble carbohydrates (sugars) praan that 
bit of plant sap, nectar, the blood of an insect, or the urine of man. 1 Sola B 
the appearance of certain abnormal sugars or amino sic (readily le sagen de: 
chromatography) in human urine denotes serious pathological conditio senis af 
advanced liver damage or muscular dystrophy. As we shall see, the tax P addi 
insects can be assisted by studying chromatographs of their blood wp sel 
Chromatographs of ink particles from the signatures on documents have e seriis 
to prove forgery of those signatures. However, the most extensive use E p ioo 
tography is in the field of biochemistry where it has been used particular i in n 
the appearance or disappearance of. vital life substances (organic metabo 
the metabolism of living organisms. for himself 

In the demonstrations Which follow, the beginning student can sce for t dyes 
how mixtures of colored inks or dyes can be separated into their com la ien 
or how colorless amino acid or sugar mixtures can be similarly separated an 
"developed" as colored spots by means of the locating reagents. 


Demonstrations 


ate different colors and brand names of ink, then icis 
vith 9 drops of water in separate containers (or on a có 
xture of the several inks with 9 parts of water. Now zi È 
uted ink in the center of a filter-paper circle placed um 
T in a petri dish. Prepare separate filter papers for B 
n an hour’s time some of the filter papers will show Wn 
responding to the number of component dyes pc inks 
inks are mixtures of dyes and that not all blue-blac Ned 
gram. The student may wish to extend this procedure er ed 
ing by trial the best dilutions to use. However, he cylinder 
g these colored materials in a modification of the cy agent 
ibed. (Water would be the solvent and no locating Te 
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one drop of each color y 
plate). Also dilute a mi 
one or two drops of dil 
smooth clean surface o 
color or combination. I 
more than one color co 
that some commercial 
give the same ring dia; 
food colors, determin’ 
better results by usin 
technique next descr 
would be needed.) 

Sugars. Paper chroma 
or sheets. The 834-by- 
large sheets of Wha 


ips 
tography is generally accomplished on sucus Pure 
6-in. sheets called for in this procedure may be cut a es 
tman no. 1 or Whatman 3 MM paper or from 27-cm. 
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of Whatman no. 1. The 3 MM paper is especially prepared for chromatography. 
After the sheets have been cut, draw a pencil line lengthwise of each sheet 1 in. 
from the bottom edge. Mark this line with eight neat dots at l-in. intervals to 
show where the sample spots will be placed. The diluted sugar samples (1 per cent 
sugar in a 10 per cent isopropanol solution) are applied to the dots with a flat- 
tipped glass stirring rod or a chromel wire loop. The wire loop has the advantage 
that it can be quickly flamed between samples, whereas the glass rod must be care- 
fully rinsed between each sample and deposits less accurately controlled droplets. 
It is helpful to dry the spots as they are applied by the use of a hair dryer. This 
will keep them small in size. Start at the left with glucose and continue with 
sucrose and the mixtures, labeling each spot with pencil beneath the line. Now 
carefully staple or Scotch tape the ends of the sheet together near the top and 
bottom to form a 6 in.-high cylinder with the line of spots near the bottom. The 
staples are placed so that the ends of the paper are held close together but without 
actual contact or overlap. As soon as the spots are thoroughly dry, the cylinder is 
carefully lowered into a quart-size wide-mouthed Mason jar containing 30 ml. of 
the solvent (80 per cent isopropanol). It is important to avoid tipping the jar or 
wetting the cylinder on the way down. In this way the solvent will rise evenly all 
the way around the cylinder as it wets the paper. After about 2 hr. the cylinder 
Will be wetted all the way to the top and is ready to be removed for drying. Drying 
is best accomplished by hanging the cylinder in the draft of a chemical fume hood. 
Lacking this, one may use a hair dryer or fan in a well-ventilated room. When the 
cylinder is thoroughly dry (at least 30 min.), the stapled ends are separated and 
the sheet is flattened. It is then sprayed or dipped with the sugar locating reagent 
(aniline-diphenylamine-phosphate) and again dried in the hood. The colors will 
appear after several hours at room temperature or within minutes in a 100°C. 
oven. If a hot oven is used, be sure the inflammable solvents (from the locating 
reagent) have been removed in order to avoid fire. Also the paper should be ob- 
Served frequently in the oven to avoid its becoming overdone. A successful 
chromatograph will show discrete colored spots, one for each single sugar and 
more than one for each mixture. 

Three kinds of clues can be followed in identifying the component sugars of a 
mixture: (1) Match the color and height of the spots with those of the single 
Sugar samples, e.g., glucose and sucrose. (2) Check the height of the spots above 
the base line relative to the height of the glucose spot (R, values) in Smith's text, 
Pp. 167 (see Ref. 55). (3) Compare the color of the spots with the notes given by 
Smith. By using this procedure the sugars present in several samples of honeys 
and sirups can be identified and compared. Preservation of the chromatographs is 
difficult as the whole sheet will gradually darken and soften, especially in the light, 
until the spots are finally obliterated. It is best to circle the spots and record their 
best colors while the sheet is fresh. 

Amino Acids, The 834-by-G-in. filter-paper sheets are cut and marked as for 
sugar chromatographs. Glycine is suggested as a standard amino acid since it is the 
least expensive to purchase and also is commonly found in normal human urine. 
It should be made up asa ¥, oth to 15 per cent solution in 10 per cent isopropanol. 
Other amino acids are equally suitable and are likewise diluted. The standard 
sample or any other dissolved samples are applied as described for sugars. Insects 
make good subjects for this technique since their blood or hemolymph is relatively 
high in the number and concentration of free amino acids present. Live small in- 
Sects, such as mosquitoes, Drosophila, houseflies, or aphids, are killed by wrapping 
them in a piece of gauze or cheesecloth and dipping them in boiling water for 2 
min. This precipitates interfering proteins. Each specimen is touched lightly to 
cleansing tissue to blot it dry and then crushed directly on the chromatograph dot 
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with a flat-tipped glass stirring rod. Drying is hastened with the hair dryer. Larger 
insects, such as cockroaches or moths, are killed and blotted as above and then, 
minus legs and wings, each is placed in a 10-ml. syringe. By pressing the syringe 
plunger, several drops of fluid are expressed from the crushed specimen, enough for 
several spots. After all spots have been applied, dried, and labeled, the sheet is 
formed into a cylinder as before and carefully lowered into a jar containing 30 ml. 
of solvent mixture (butanol 12 parts, glacial acetic acid 3 parts, and water 5 parts). 
After 2 hr., or when the solvent has nearly reached the top, the cylinder is removed 
and dried. When thoroughly dry it is opened and sprayed with a ninhydrin dispenser. 
After drying and brief oven heating the violet ninhydrin—amino acid spots will 
appear. There is not much color variation in the spots, except for proline and 
hydroxyproline, which are yellow. As with sugars, the amino acid spots can be 
identified by comparison with spots from known acids, such as glycine, run at the 
same time, or by comparing R, values as found in Smith Ref. 55, or other sources. 
The R, value for a given spot is defined as the ratio: distance from base line to spot 
center/distance from base line to solvent front. Ry values, like Ry values for sugar 
chromatography, are useful because they are reasonably constant even though the 
exact positions of the spots will vary from run to run depending on temperature 
time, water content of the paper, and other variables. Notice that in comparing 
insect blood chromatograms it is not even necessary to identify the spots in order 
to discover reliable differences or similarities between the spot patterns. 

Separation of Pigments Found in Green Leaves, by Paper Chromatography: 
Treat about 1 g. of fresh green leaf tissue (spinach, found on the vegetable market 
is quite satisfactory) in boiling water for about 3 min. to kill the cells. Remove the 
boiled leaves, blotting off the excess water with paper toweling. Place the lea 
material in a mortar with about 1 g. of fine-grained quartz sand and 15 ml. of A 
mixture of 50 parts petroleum ether to 1 part of methyl alcohol, and grin 
thoroughly until the solvent mixture is reduced to 4 or 5 ml. Repeat this procedure 
twice more. Pour 1 ml. of the pigment extract into a test tube. Cut a strip o 
filter paper narrow enough to be readily inserted into the test tube, and long 
enough to reach the bottom, with enough outside the tube for support. By capillarity 
the extract moves up the filter paper strip, with color bands developing. At lower 
end of the strip chlorophyll b forms the first band since it is absorbed more strongly 
than chlorophyll a, which appears next and above chlorophyll b. The carotenes 
(yellow and orange) pigments will collect at the top of the strip as the solvent 
evaporates, 

Column Chromatographic Separation of Chloroplast Pigments. Absorption 
column chromatography is based on the differential absorption of solutes on a nearly 
inert support. The inert support used in this exercise is ordinary cornstarch. The 
procedure is as follows: Fit one end of a piece of glass tubing of 37 mm. diameter 
and 30 cm. length with a one-holed rubber stopper. Insert a 10 cm. length of 5-mm 
tubing into the rubber stopper projecting it a millimeter or so through the stopper. 
Place a small amount of glass wool into the large glass tube all the way down to 
the stopper. This will prevent the cornstarch from entering the small tubing. Next 
add dry cornstarch one spatula full at a time to the open end of the column. After 
each addition, tap the column on some solid surface. The starch will pack evenly 
and tightly. (Be cautious about how hard you tap the column.) Leave a 6-cm. space 
at the top of the column. Attach one end of a rubber hose to the small tube at the 
bottom of the column and the other end of the hose to a water aspirator Of 
vacuum pump. (If a vacuum pump is used, attach a Gooch filter flask in series wit 
the pump and column to trap fluid passing through the system.) Keep the vacuum 
applied during the following procedure. After the starch has been packed by the 
Pressure created by the vacuum, pour 50 ml. of petroleum ether into the top of the 
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column. After this solvent has passed through the column, the chloroplast pigments 
may be added. 

The chloroplast pigments are extracted fresh or dry green leaves (fresh 
spinach is excellent material) in a Waring Blendor (or other efficient grinding 
System) using a mixture of 80 per cent acetone, 15 per cent methyl alcohol, and 
5 per cent water as a solvent. A suitable ration is 25 g. of leaves and 100 ml. of 
solvent. Filter the solids out of the solvent and mix the solvent (which now con- 
tains the pigments) with an equal amount of petroleum ether in a separatory 
funnel. Gently rotate the funnel for several minutes and allow the solvent layers 
to separate. Discard the lower solvent layer. Wash the petroleum ether extract 
Several times by adding equal volumes of distilled water, gently shaking by rota- 
tion, allowing the layers to separate and discarding the lower layer. Transfer the 
petroleum ether extract to a small bottle, add 1 g. of anhydrous sodium sulfate, 
stopper and allow to stand 5 min. Pour 10 to 20 ml. of the petroleum ether extract 
into the top of the column. Apply mild vacuum and after the last of the extract 
passes into the starch begin adding pure petroleum ether. The carotenes will be 
almost completely dissolved in the petroleum ether as it passes down the column. 
The chlorophylls will remain near the origin. If the carotenes are allowed to 
pass on through the column there will be a separation near the top of the 
column as follows: xanthophyll at the top, then chlorophyll b, and finally chloro- 
phyll a. 

Materials. Glass stirring rod; medicine droppers; filter-paper circles (11 cm. 
diameter suggested); filter-paper sheets (Whatman 3 MM suggested); quart-size 
wide-mouthed Mason jars and lids;! stapler or Scotch tape;? hair dryer (desir- 
able); 8 chemical fume hood (desirable); incubator oven (desirable); chromel wire 
(bacteriological inoculation loop) (desirable); 10-ml. tuberculin syringe (op- 
tional); distilled water (to be used wherever water is called for); isopropyl alcohol 
(isopropanol); n-butyl alcohol (butanol); glacial acetic acid; sucrose (cane sugar),! 
glucose (dextrose), honeys and sirups! and glycine (aminoacetic acid). (The last 
four are made up as dilute solutions in a solvent made up of water 9 parts, isopropyl 
alcohol 1 part. The alcohol is a preservative.) Colored inks and/or pure food 
coloring; 1? live insects; * ninhydrin-acetone dispenser;5 aniline-diphenylamine 
Phosphate dispenser; test tube; mortar and pestle; fine quartz sand; fresh 
spinach; 1 ordinary cornstarch; 1 6 glass tubing of 37 mm. diameter and length 
30 cm.;9 one-holed rubber stopper;? glass wool; 9 rubber hose; 9 water aspirator 
or faucet vacuum pump; Gooch filter flask; 9 Waring Blendor (desirable); 9 
igus funnel;® anhydrous sodium sulfate;® methyl alcohol; petroleum 
ether, 

Except for the noted items, the above supplies, if not already at hand, can be 
secured through almost any laboratory supply house. 
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CHAPTER 12 


-4 Collecting, Culturing, and Preserving *- 


There is probably no greater problem for the teacher of biological subjects 
than the necessity of providing suitable materials for class use. In this chapter 
an attempt is made to suggest to the teacher (1) typical ecological situations 
(habitats) where such materials may reasonably be expected to be found, (2) 
types of materials that may be secured which will be of use in the classroom, 
and (3) methods of collecting, culturing, and preserving such material. 

For the student to think of plants and animals in relation to their natural 
environment is an important part of training in biology. When trips afield 
are at all possible, they should be arranged because they result in the produc- 
tion of attitudes not otherwise possible. Too frequently students know that 
laboratory or demonstration materials come out of cans or bottles but are 
unable to trace them farther. The recognition of organisms in the out-of- 
doors is a long step toward the appreciation of nature and of life itself. The 
elements of ecology may be made quite simple and quite interesting for 
beginners, and an attempt has been made here to formulate type situations 
Which are common and to avoid technical terms and minute distinctions. 

A good collector and a successful field trip conductor must know at least 
a few of the fundamentals of plant and animal distribution. He is aware of 
the fact that such environmental factors as water supply, light, temperature, 
oxygen supply, hydrogen-ion concentration, and fertility of the soil deter- 
mine the types of plant communities to be found, and, consequently, the 
types of animal forms likely to be encountered. He knows that certain forms 
are found only about ponds, swamps, or bogs; many species found in a 
beech-maple forest are not found in oak-hickory associations, swamp forest, 
or grasslands, etc. The careful observer will have noted gradual changes of 
one type of community into another as environmental conditions change. 
Any farmer can tell something of the changes brought about by drainage. 
The landscape of our agricultural regions has been changed notably by such 
Procedures. An area once covered with frog ponds and cattail swamps may 
become dry grasslands or grain fields. The wildflower enthusiast can readily 
relate instances of favorite forests being lumbered, resulting soon in the 
disappearance of the usual spring, summer, and autumn flowers. He may 
also have noted that after a certain forest type was removed it was often 
succeeded by a different kind of forest if the area was not further disturbed. 
Conversations with the older inhabitants of a community often will reveal 
many interesting facts concerning vegetation changes. 

Many teachers are confronted with the problem of being surrounded by 
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agricultural lands on which most of the original vegetation has been de- 
stroyed. Too often they regard the situation as hopeless as far as field work is 
concerned. However, if the region is carefully studied, pastured grasslands, 
wood lots, ponds, and streams are likely to be found. Quite a variety of 
species can be listed from these. The shrewd teacher will be able to substitute 
many local forms for the standard ones of biology texts. There are always 
waste areas along roads and railways which offer possibilities to the biologist. 
Abandoned fields or vacant city lots will yield numerous possibilities espe- 
cially in the study of plant succession. A comparison of the vegetation on a 
series of similarly located waste areas will bring out the extremely interesting 
phenomenon of one plant and animal population succeeding another as the 
environmental conditions change. A study of weeds, insects, rodents, birds, 
fur-bearing animals, game, cultivated and native trees, shrubs, and plant 
and animal diseases of an agricultural region will arouse interest. And, after 
all, knowledge concerning these are of fundamental and immediate value 
to the student living in these particular surroundings. When a teacher once 
realizes that an available jungle of native vegetation is not necessarily à 
prerequisite to successful field trips, he may become aware of the numerous 
possibilities of his particular community. ? 

Other methods of collecting, culturing, and preserving which are quite 
useful may be known to the teacher. Those selected here are intended to 
suggestive rather than comprehensive. 


ANIMAL ORGANISMS 


Protozoa 


General and Mixed Cultures. Habitat. In the extent to which they arc distributed, 
the protozoa are exceeded only by the bacteria and molds, and perhaps pem 
algae. They are, with but few exceptions, aquatic in their active and reproductivo 
stages. They may be driven about in the wind on dust and debris, but unli 3 
bacteria, are seldom obtained from the quiet air of rooms. Most debris from pus 
doors, however, will contain spores or resting stages of protozoa. The most ein 
sources are usually the remains of plants of various kinds, especially those wired 
have grown or have collected in ditches or depressions that are sometimes y 
with water. The water, the surface scum, or the bottom ooze of ponds, pools, ? 
ditches may yield numerous forms of protozoa. ith 
Collecting. If water or material from a pond or pool is collected, bottles ws 
Stoppers or jars with lids are needed for the collecting trip. If dry culture mate? 
are to be collected, Sacks, cans, or almost any kind of container will be satisfactori 
to hold the dead grass, leaves, sticks, stones, or other material collected. I sn n 
containing protozoa is Secured, it is advisable to fill the container not more ee 
one-half full and to unstopper the bottles as soon as possible after returning t? 5 
laboratory to permit aeration. f 
Culturing. After material has been brought to the laboratory the preparation i 
cultures for later use is simple. f 


; and 
Place a quantity of the grass, leaves, etc., in quart jars or enamelware pans 


add enough water to more than cover the material, Allow this to stand in 2 va 
place but not in direct sunlight. If examined at intervals of about 24 or 48 BF: oa 
changes in population will be found to be very marked, from almost no proto" a 
at the beginning to an exceedingly dense population in 10 to 15 days and iii 
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steady decline to a very small population. Also, there will be a decided sequence of 
types appearing and disappearing during this time. 

Preserving. Sometimes an unusually good or rare culture is discovered, and it 
may be desirable to preserve some of it for future use. This material is often useful 
to give the student a better understanding of detail of structure which cannot be so 
readily seen in the more rapidly moving forms. In general, however, a living culture 
is more instructive and should not be entirely replaced by preserved specimens. 

Not all forms can be preserved equally well in all preservatives. A 10 per cent 
solution of formalin is about as good a universal preservative as any. Another good 
one consists of 


bOspeiceng-aTtoliol! ceste tust soe cine SRISRES CO E 90 parts 
Aper cont formali «uu veamos vuv vivis chara seuss are 5 parts 
Glacial acetic acid ......... Pa err re 5 parts 


This acts as a killing and fixing agent, and if the protozoa are left in it they will 
keep indefinitely. The addition of a little glycerin tends to keep the animals from 
becoming too brittle. Use an amount of glycerin equal to 5 parts of the above. (See 
also special methods under Pure Cultures below.) 

Important. In killing and preserving microscopic animals use the following pro- 
cedure. Be sure that the culture is good. Draw up a medicine dropper or tube full 
of the culture and look at it under some kind of a lens to be sure that numerous 
animals are present. Run the culture material quickly into a dish or bottle contain- 
Ing about two to five times as much preservative as you have culture medium. 
Otherwise the medium may dilute the preservative to the point where it is not 
effective, It is usually best not to run the preservative into the culture but the 
culture into the preservative. If the specimens are to be kept in a vial or bottle the 
cork should be dipped in melted paraffin or petroleum jelly to prevent evaporation. 

ipping the cork and end of the vial in collodion also makes an excellent seal. 

Still better vial has a plastic screw cap. The inside of the cap may be coated 
with paraffin before screwing it on to the vial. 

€ Cultures. At intervals during the life of a mixed culture of protozoa certain 
Orms become abundant for a while and then decline. For example, there is usually 
a period of paramecium dominance. During such times as this it is possible to have 
Certain forms separated out and pure cultures started. See Chap. 22 for the method 
of making this separation. Very little practice is necessary in order to do this suc- 
cessfully, 

Amoeba (Sarcodina). Amoebae are not found in cultures of mixed protozoa as 
requently as one might hope. When they are found, they seldom seem abundant 
and are usually on the bottom of the container or on the surfaces of leaves and 
stems, They feed upon other minute protozoa or one-celled plants; therefore a 
culture medium is necessary which will furnish these food organisms. The most 
successful culture medium for Amoeba proteus is made as follows: Into a shallow 
dish (such as a butter dish) pour about 100 cc. of water (distilled is best but not 
necessary); add to this 3 grains of rice. When soaked, contaminate the water with 
Saprolegnia (water mold) and then place in the culture medium some monoidia or 
Other small protozoa which are usually abundant in most infusion cultures of 
mixed character made from dead grass and leaves. Select a few amoebae as sug- 
Bested above, under Pure Cultures. Add them to the culture medium and set it aside 
in à warm place for a week. It can be covered to prevent evaporation, but do not 
Seal it. The small flagellates reproduce abundantly, and the amoebae feed upon 

em and will also become abundant. The amoebae sometimes become so numerous 
as to form a white film over the bottom of the dish. Once started, this method is 
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easy to continue. New cultures should be started about every 3 or 4 weeks since 
they run out in time. 

Paramecium (Infusoria) (and many other ciliates) are the easiest forms to 
culture. Use the method described in Chap. 22 to start new cultures about every 
2 weeks in order to avoid loss. 

Euglena (Phytomastigina). It is desirable to have this chlorophyll-bearing organ- 
ism for class. It may be cultured in abundance by the following method. Place 
about 1 g. of sheep manure or dry chicken manure in a vessel with 250 cc. of water 
and boil for 10 min. When it has cooled let it stand open to the air or blow some 
dust into it so that it will become contaminated with bacteria. After about 36 or 
48 hr. it can be inoculated with euglenae. They increase rapidly in number, causing 
the medium to become green in appearance. Euglenae are sometimes found in prac 
tically pure culture in small pools or ditches. If the water in such a place appears 
greenish in color, examine it carefully. It is likely to be due to algae, but may be 
caused by euglenae instead. 

Another successful medium for euglena consists of dissolving approximately 0.1 La 
of Bacto Beef extract, or peptone, in 120 cc. of distilled water and bringing it to ? 
boil. When cooled, inoculate the medium with a few drops from a good euglena 
culture. The cultures do best if made in an Erlenmeyer flask stoppered with a rolle 
cotton plug. 

Sponges 

Fresh-water Sponges (Spongillidae). Habitat. All sponges are aquatic and mostly 
marine, but there are a few forms that live in ponds, lakes, and streams. They are 
not very conspicuous organisms, appearing as soft white or brownish slimy blotches 
on sticks, stones, and other objects submerged in the water. They may be a fraction 
of an inch to more than an inch in diameter. Sponges are not usually recognize 
unless they are being watched for specifically. ? 

Collecting. Any can or bucket used for collecting aquatic forms may serve A 
convey sponges back to the laboratory. They must be kept submerged in the wate 
in which they were found. 

Culturing. Fresh-water sponges are not easy to keep in aquaria for long 
but may be kept a short time for class use. Place in balanced aquaria or mM R, 
out-of-door fish pool, PE 

Preserving, The stick or object to which the sponge is attached may be dues 
and kept in something such as a mounting box. The sponge will dry and become 
very crumbly, falling apart if touched. Preserving in liquid, such as 5 per be 
formalin, is much better. If 70 per cent alcohol is easier to obtain it may be use 
instead of formalin. 


periods 


Worms 
orm 


Planaria (Turbellaria) (fresh-water flatworms). Habitat. The common flatw 
Planaria is widely distributed in ponds and streams of all sizes. They can be t 
attached to the surface of stones or other objects and being strongly negative to lig n 
are nearly always on the underside. Sometimes they occur on the submerged poit 
of aquatic plants. There are different species with'corresponding differences Jn Es 
and color. They may vary from % in. to YA in. or more in length. In color they 
vary from. white through brown to black. They are commonly dark gray: 

Collecting. Upon visiting a pond or stream turn over stones, boards, sticks, 
examining their undersurfaces carefully. Usually, but not always, planarians ae 
be,found in groups and clusters. They may be washed off into a bucket, jar, or of 
collecting vessel. If the vessel is small they may be removed and transferre o 
upon the point of a penknife. The collecting can or jar should be closed until Y 
reach the laboratory. 


etc 
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Culturing. Planarians may be kept in aquaria if stones are placed in the bottom 
and a considerable amount of plants and mud is allowed to accumulate in the bot- 
tom. A simpler and more certain method is to place the planarians in a shallow dish 
or porcelain pan with 1 in. of fresh water. Cover the pan to exclude the light. 
Two or three times a week they must be fed. This is done by laying a small thin 
slice of liver in the pan. The planarians will cluster upon it and feed. At the end 
of 1 hr. the liver should be lifted out and all worms washed off or lifted off the 
liver with a dull knife blade. Make a complete water change to avoid fouling of 
the culture. Worm cultures kept in this manner may run several years. They may 
also deposit egg capsules at times, which if carefully watched will produce numer- 
ous young planarians in 2 to 3 weeks. Planarians should be studied alive if possible. 
After general observations of the moving animal, it may be flattened between two 
microscope slides and examined under the microscope. Place the worm in the 
middle of a dry slide and lay another slide upon it carefully to avoid crushing. 

Preserving. Planarians may be preserved and kept for future use when it is not 
convenient to culture them. Place one or more worms near the middle of a micro- 
Scope slide and cover with a second slide (other pieces of glass may be used if slides 
are not to be had). Put enough pressure upon the upper glass to flatten the worms 
out thinly, being careful not to crush them, Place the slides and their worms in a 
shallow dish or pan and pour over them a solution of 5 per cent formalin. If the 
glass slides are slightly tilted, the preservative will run in between them and fix 
the worms. Allow them to remain submerged for a period of 2 hr. or more. If the 
plates of glass are removed, the worms will be found preserved and sufficiently thin 
for microscope use. They can be left between the slides until used if so desired, or 
removed and preserved in vials. They are very delicate and if the above method 
crushes them, try heating very slowly in water until killed and then drawing off the 
Water and adding preservative. They do not preserve and handle well unless 
Mounted on microscope slides in balsam. (For regeneration experiments with 
Planaria, sce Chap. 22.) 

Parasitic Flatworms and Roundworms (tapeworms, Cestoda; flukes, Trematoda; 
roundworms, Nematoda). Habitat. The more common parasitic flatworms and 
roundworms are widely distributed, and among their hosts are members of most 
9f the other phyla of the animal kingdom. Naturally some hosts, because of their 
habitats, habits of feeding, and nature of their food supply, are more frequently 
found to harbor these parasites and therefore offer good sources of the material. 

ome of the most readily available hosts for most localities are (1) the common 
grass frog found in brooks, pools, ponds, and streams; (2) birds, especially the 
common chicken, terns, gulls, and other fishing birds; (3) fish, those which prey 
upon other fish are usually the most likely sources; (4) snails; (5) insects (not 
common); (6) snakes, turtles; (7) rats, pigs, sheep, dogs, cats, horses, 

Collecting. Naturally those cavities of the body of the host which open to the 
Outside are best suited for sites which parasites may infest. Consequently, in search- 
Ing for material always look in the lungs. Amphibia, reptiles, and birds may have 
oth flatworm and roundworm parasites in their lung cavities. A hand lens or 
microscope may help in locating them. 

he stomach, small and large intestine, and the cecum are likely sites for these 
worms. Sometimes the worms may be encysted in the walls of these organs or may 
€ attached to the surface from which they project into the body cavity. 
he urinary bladder may also harbor parasitic worms, and they sometimes enter 
the liver and kidneys. Certain forms are occasionally obtained from the blood, but 
these are not easy to find. 

In the insects, the abdomens of grasshoppers, beetles, and roaches frequently 

Possess the very long threadworms which are often called “horsehair snakes." The 
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same parasites are also sometimes found in pools, drinking pans, and watering 
troughs where they may have escaped from their host. 

If a visit is made to a slaughterhouse or packing house and the fresh entrails of 
pigs and chickens are obtained, there should be little difficulty in securing a large 
quantity of tapeworms and roundworms. This is an almost never-failing source. 

Culturing. If worms are obtained soon after the slaughter, placed in normal salt 
solution, and kept warm they may remain alive for 2 or 3 days. Not a great deal X 
known about culturing parasitic worms easily. It is known, of course, that if the 
bladder worm stage of a tapeworm is found in a rat liver it is possible to feed the 
liver to a cat and rear the adult tapeworm in the cat. A much more practical 
method for obtaining material from the intestines of chickens or pigs is to wash the 
contents thoroughly and place a few of the worms in boiled normal saline to which 
has been added enough glucose to make a 0.2 per cent solution of the glucose. If the 
solution is kept slightly warm (about 35 to 38°C.) and changed once every day, the 
worms may live a week or more. 

Preserving. It is usually better to kill all forms of worms before preserving them. 
Some way of killing them in a relaxed condition is best. The two simplest ways 9 
accomplishing this are as follows: (1) Place them in water and heat it slowly until 
the worms are limp and motionless. Then drop them into 6 or 8 per cent formalin. 
(2) A small amount of grain alcohol may be added to some water containing 
worms. After a few minutes add a similar amount of alcohol and continue unt! 
the worms are anesthetized. Then preserve in formalin. p 

Segmented Worms (earthworms, Annelida). Habitat. One of the most widely 
distributed and easily collected animals is the common earthworm. There are 
several species that are numerous. They are generally found wherever there 15 2s 
abundance of decomposing vegetable matter and moisture in the soil. Digging pe 
a spade in the soil or turning over an old manure pile or a heap of last Na 
dead leaves is likely to yield worms. They are usually available in warm manur 
piles or under straw stacks even in weather when the ground is frozen. Heavy rains» 
especially late at night, frequently wash many worms from elevated lawns or wo 
races out upon the sidewalks of city streets. A few minutes spent in collecting a 
such times may save hours of work later. z All 

Collecting. Most boys have stalked the large night crawlers used as fish bait. bw. 
one needs is a flashlight and a can of earth. If the grass is sprinkled heavily 1n p 
evening or later afternoon of a warm spring or summer day, the night will yield i " 
supply of worms. Walk very lightly and examine the grass carefully with the flas 
light. The worms lie stretched in the grass with their posterior ends still in 
opening of their burrows. Grasp the worm quickly and firmly and pull slowly. it. 
jerk will more than likely pull the worm in two, but a slow steady pull will E nets 
If you miss the animal on the first snatch you should start looking for ano t the 
because there is no time for a second chance, so quickly do they retract within E 
burrow. A little practice will be necessary before you become a successful pu. 
catcher. If the teacher cannot handle the "nasty? worms, the students will do it 
the fun of it. fa 

Collect some of the mud, leaves. sticks. and other debris from the bottom p is 
quiet pool or shallow pond and let it stand in a pan or jar for a few days unti one 
clear and settled. Examine the surface of the mud for tiny waving hairlike pt ater 
They are minute relatives of the larger earthworms and mounted in a drop ° K 
show well under a microscope. ; ost 

Culturing. In these as in any culture methods those conditions which ™ in 
nearly approximate the conditions of the habitat in which the animals are it 
nature are likely to be most satisfactory for keeping them in captivity. The v a 
forms of earthworms should be kept in soil containing considerable humus oF 
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soil that has a layer of leaves over the top. A large box or a garbage can with 
numerous small holes in the bottom may serve as a suitable container. The holes 
must be so small that the worms cannot escape. À wooden box is better. The con- 
tainer may be placed in a pit dug-in the ground or kept in a cellar. In any event 
it must be kept where the temperature will not become high. A good range is 45 to 
65°F. A large number of foods have been tried for the feeding of worms, and several 
may well be recommended. If the soil in which they are kept does not contain 
much humus, the food may be scattered over the surface. Corn meal has been used 
for this and also common vegetable garbage from the table or kitchen. Not much 
can be used at a time, and it must be rather carefully removed. A small can of 
evaporated milk may be diluted with water and sprinkled on the surface twice 
per week. If there is much humus in the soil, feeding becomes almost unnecessary. 

Preserving. Any annelid may be killed by slowly heating in water or by anesthe- 
tizing in alcohol as described above under the preserving of parasitic worms. To 
Preserve large worms so that the internal organs will be in perfect condition and so 
that the worms will be fully extended, use the following procedure: heat the worms 
in warm water as in killing or stupefy them with weak alcohol until they become 
relaxed, Lay the worm on a table and insert a hypodermic needle or fine glass 
needle through the body cavity. Care should be taken not to strike the needle into 
the intestinal tract. Be sure that the needle is pointed well anteriorly (forward) 
before injecting. Slowly force the preservative into the body cavity (6 per cent 
formalin containing a little glycerin). Maintain the pressure until the segments are 
fully extended. Withdraw the needle and insert it again about 10 segments pos- 
teriorly to (behind) the first point and inject again. When the entire worm has been 
injected lay it in a pan and pour over it enough of the preservative to cover it. 
Let this stand overnight and the worm will be in excellent condition for keeping or 
dissecting, If the glass injection needle is used, the body wall should first be pierced 


with a large needle or pin to make a hole into which the glass needle may be 
Inserted, 


Mollusks 


Snails (Gastropoda) and Clams (Pelecypoda). Habitat, Snails, clams, and 
Oysters are among the more common mollusks and are widely distributed. Snails 
and clams of several kinds can be found in most creeks and ponds, while oysters 
may be obtained at markets in cities. In some places land snails are abundant. Of 
course people living near the seashore are familiar with a great variety of marine 
mollusks, 

Clams are usually at least partly submerged in muck or sand and in the water, 
though sometimes they may be found in mud flats. Snails attach themselves to 
Stones or to sticks and stems of growing plants. Land forms are commonly under 
"ees logs, or in leaf mold on the ground. Sometimes they climb up on trees and 
Shrubs, 

Collecting. Usually mollusks will be collected along with numerous other animals 
or plants, The containers for mollusks alone, however, may consist of jars with 
Stoppers or screw caps. Something larger will be necessary for clams if large ones 
are captured or if very many are to be brought back alive. Snails are best gathered 

y hand. If returned alive they should be placed in some of the water from which 
they are taken or the soil or leaf mold in which they are found. A rake or pronged 
oe with long tines is convenient to rake up clams from sand or muck. 

Culturing. After snails have been captured in the field, do not leave the lids of 
the containers closed any longer than is absolutely necessary. By no means allow the 
Containers to stand in the sun. This is a very common error of the inexperienced 
collector and applies to all other forms collected alive. Most of the common snails 
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found in ponds and streams will survive without further attention if placed in an 
ordinary aquarium. A deep pan or bucket of water with water plants in it is suffi- 
cient if a regular aquarium is not available. If numerous plants are present, no 
feeding is necessary. Land snails usually may be kept in dampened leaf mold or 
may be fed on lettuce leaves. Most grocers or food markets will furnish enough of 
the outer cast-off leaves free. p 

Clams are not so easy to keep but sometimes survive for a long time in large 
aquaria that are well stocked with algae and other plants. It is best to have several 
inches of muck, sand, or gravel on the bottom of the aquarium. 

Interesting studies may be made upon mollusks. Reproduction and development 
of the snail, the pattern and winding of shells, and the composition and structure of 
shells and of the animals themselves make good problems. ; 

Preserving. Snails may be killed by heating them in water. If done slowly this 
often causes them to protrude from their shells. They also may be dropped directly 
into 6 to 8 per cent formalin. Clams should have the edge of the shell broken and 
a peg driven between the valves to allow the formalin to penetrate thoroughly. The 
breaking of the edge may be done by pounding with a hammer or stone. 


Arthropods 


With the animal kingdom as a whole divided into 10 to 18 customary parts, 0n 
phyla, it is a surprising fact to find that well over half of all the known species c 
animals belong to this one phylum, the Arthropoda. One almost never finds a child, 
and seldom an adult, who does not have a very considerable interest in its members. 
Because of its definite economic importance to man and its biological significance 
it is well deserving of special consideration and time in a biology course. Because ° 
the great diversity of forms it is necessary here to treat it in general aspects whic 
have wide application. he 

Insects (Hexapoda). Since in the class known as insects we find most of ™ 
species of arthropods, it naturally follows that this class also contains most a 
the animal kingdom. 

Habitat. When one attempts to speak of the habitat of insects it becomes ae 
sary to describe almost every possible type of environment, for practically ? 
situation exists which will not harbor some form of insect at least in some stage a 
its life history. In the ooze at the bottom of lakes and ponds and under and ee 
the rocks or streams and waterfalls live the young of many species, while Lun 
swim freely in the water or glide swiftly over its surface. The depths of the 5? 
furnish homes for innumerable forms and every stone, board, or log may. Ahi 
hiding place. Over the heated sands of beaches and deserts, in dry clay banks, a " 
crevices of rocks, and in and upon every plant they swarm. Cold regions "M 
above the Arctic Circle, the peaks of lofty mountains, fertile temperate valleys : o 
regions under the heat of tropical sun are all occupied. Some suck the juices 
plants and the blood of animals, some thrive in the decomposing masses O a 
organisms, others penetrate and feed upon living hosts, while not a few stal 
capture small prey. Thus has the most numerous and diversified group 3” 
animal kingdom survived for many millions of years. hich 

Collecting. Though collecting is not difficult there are certain provisions W 
should be made in order to do it successfully. Some of these are the following. Jace 

Collecting Equipment. 1. Cyanide bottle. Crush some sodium cyanide and P 
it in small lumps in the bottom of a jar with a wide mouth and a good stoppt de 
tight lid. Put enough chopped cork, sawdust, or dry plaster of paris over the oe it 
to make the surface level. Pour about YA in. of plaster of paris over this and wj t 
aside to dry. When dry, close the jar tightly and keep it so except when Op ome ith 
use. Cyanide is so deadly poisonous to all animals that it has to be handled 
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care. If you cannot purchase it, your druggist will likely make up the bottle for you. 
Each bottle should be labeled “Poison.” 

2. Carbon tetrachloride bottle. A totally harmless and rather efficient killing 
bottie may be made as follows: Cut a small hole through the cork of the bottle and 
insert in this hole a small glass tube. Fasten a wad of cotton to the bottom of the 
Cork so that the glass tube will reach the cotton (see Fig. 12.1). The cotton may be 
Saturated through the tube with carbon tetrachloride which is nonpoisonous and 
nonexplosive. A small bottle of the killing agent may be carried along on a trip and 
Added to the cotton at times through the small hole in the cork. 

3. Chloroform bottle. Because of its capacity for absorbing chloroform, rubber 
is made use of in another type of killing bottle. Place a smail handful of rubber 
bands in the bottom of a jar and cover them with chloroform. Let it stand over- 
night; then pour out all remaining chloroform and wedge a piece of cardboard over 
the bands. The rubber will have absorbed enough chloroform to keep the air in 
the bottle filled with fumes (see Fig. 12.1). 
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Fio, 12,1 Three types of insect-killing bottles: A, cyanide bottle; B, chloroform bot- 
tle; C, carbon tetrachloride bottle. 


. 4. Net. A good and rather inexpensive net may be made from marquisette sewed 
into the form of a bag and fastened to a heavy wire or rod frame which is circular 
in form, This frame is attached to a handle, such as a broom or mop handle, as 


shown in Fig. 12.2B. 


LAA 


E 12.2 Collecting equipment: A, straight-edged dip net for collecting in water 
in mud from bottom of ponds; B, frame for insect sweeping net; C, method of mak- 
E Paper folds for butterflies, moths, and dragonflies. 
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5. Sieves with fine wire bottoms are very handy to carry on a trip when collect- 
ing from water. Mud can be dumped into it and washed through, straining out the 
larvae which live in the ooze at the bottom of a pond or stream. 

6. Paper folds for keeping butterflies, dragonflies, and damselflies until you 
return to the classroom are often a convenience. If a good specimen is left in the 
killing bottle it becomes frayed and broken when new insects are added. The fold 
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Fic. 12.3 Relaxing chamber 
for dry insects so that they 
may be spread or pinned. 


can be made as per diagram (Fig. 12.2C). This 
keeps the scales from rubbing off and the wings 
from breaking. They may be laid aside and if they 
dry they can be relaxed in the relaxing chamber 
and spread (Fig. 12.3). 3 

7. Vials of alcohol may be taken on a collecting 
trip. Sometimes beetles survive long periods of ex- 
posure in killing bottles. If they are dropped into 
alcohol, however, and pinned while wet, they are 
sure to be killed. A few drops of toluene on the 
body of a moth or butterfly kills it almost instantly 
and is better than a killing bottle since the wings 
are not broken by beating. 

8. A light trap is an interesting apparatus for 
students, and its construction and use make excel- 
lent projects. By grouping its catch into insect 


orders or families an idea of night flying insects may be obtained. Any variety ? 
simple trap is effective. One kind is suggested in Fig. 12.4. 


Fic. 12.4 A light trap for 
insects, 
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Fic. 12.5 The Berlese funnel for 
collecting from grass, leaves, an 
debris. 
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9. The so-called Berlese funnel is also a convenient apparatus for getting sma 


ideis. as well as other animals, which conceal themselves in leaves, Er25* 
ebris that collect on the ground, Figure 12.5 shows such a funnel. A large 
has a hole cut in its bottom and a big funnel soldered ove 
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hole on the outside. A false bottom made of heavy large-mesh wire net is placed 
inside the can, which is then loosely filled with leaves, grass, weeds, etc., and covered 
with a piece of cheesecloth tied tightly. At the end of the funnel is placed a wide- 
mouthed bottle or jar, sealed with a cotton plug. As the materials in the can dry 
out, the inhabitants will move down and eventually be trapped in the jar. If a little 
alcohol or formalin is placed in the jar the catch will be preserved as caught. 

Aquatic Forms. Collecting from streams, pools, and ponds is easy and yields a 
great variety of insects. 

1. On the surface in warm weather one usually finds swarms of actively swim- 
ming insects, such as the whirligigs (Gyrinidae) and water striders (Gerridae). To 
capture such as these, a dip net is advisable. Such a net can be made without too 
much difficulty, as shown in Fig. 12.24. Its straight edge makes it useful for dredg- 
ing bottoms also. When these surface forms are to be returned alive, they may be 
kept in vessels of the water or placed in wet grass or sphagnum moss until they 
reach the laboratory. They must be closely caged, or they will escape in transit. 
When placed in an aquarium they must be covered with glass or a screen to prevent 
their escape (Fig. 12.6). 

2. Beneath the surface of water. Some insects such as diving beetles (Dytiscidae), 
back swimmers (Notonectidae), and giant waterbugs (Belostomatidae) may be 
found beneath the surface at various depths, always coming to the surface at 
intervals for air. These may also be captured by the dip net and returned to the 
schoolroom in the same manner as the surface forms. (Fig. 12.6C, D, E.) 

3. Clinging to the surface of rocks, especially the underneath surface, are such 
common larval (or nymphal) forms as Mayflies (Ephemeridae), caddisflies (Tri- 
choptera), midges (Chironomidae), and stoneflies (Plecoptera). These usually 
cling to the rock when it is lifted from the water and may be caught with forceps 
and placed in bottles or small jars half filled with water. (Fig. 12.6F, O.) 

4. In the mud and sediments in pools, slowly flowing streams, and lakes may be 
found immature stages of Mayflies and dragonflies (Odonata). Thrust the dip net, 
flat side down, into the sediment and drag it toward the shore. Lift the net full of 
debris to the surface and slush it about to wash as much of the fine mud through 

€ net as possible. Lay the net on the ground and search through the remaining 
ree for larvae. One also may find submerged forms in this material. (Fig. 

-6R, S.) 

5. Flying above the water or in its immediate neighborhood or resting lightly 
Upon the nearby vegetation may be found graceful airplane-like insects commonly 
known as snake feeders. These are the dragonfly and damselfly adults, the nymphs 
of which may be found in the water or in the ooze at the bottom. They are ex- 
ce active and difficult to catch even with the light sweeping net which should 

e used. 

On the Leaves and the Tender Stems of Herbaccous Plants. Here are found 
numerous insects which at first seem to be doing no particular harm to the plant. 
They may be collected directly in bottles or killing jars, or the capture of the more 
active ones may require a net. They feed upon the juices or fluid contents of the 
plant by inserting their sucking beaks beneath the surface. If the ventral surface of 
the head of such an individual is examined carefully, the piercing structure may be 
found, Such insects are most properly called true “bugs” (Hemiptera, Homoptera). 
(Fig. 12.74 to D.) 

Upon the Bark and Leaves of Shrubs and Trees. Many of the insects found upon 
herbaceous plants, as well as upon the bark and leaves of shrubs and trees, do 
visible damage by their feeding. They eat holes in the leaves, cut off the tender 
Stems near the ground, remove the leaf surface, or bore into the bark or stem. An 
examination of the mouth parts of such forms shows the presence of short, rough- 
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Fic. 12.6 Group of insects found on in, a irligi t 
Na c ; in, and around water: A, whirligig beetle; ~? 
ed C, giant water bug; D, back swimmer; E, diving beetle; F, adult Ma 
fy adult; M. vao H, I, J, cases of caddisfly larvae; K, caddisfly larva; L, stone 
dut M, stonefly nymph; N, midge; O, midge larva; P, dragonfly adult; 
elfly adult; R, dragonfly nymph ; S, damselfly nymph. 
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edged hard jaws or mandibles with which they chew the tissues. Some of these are 
adults and others are larvae. They may be collected in the same manner as the 
juice suckers. (Fig. 12.7.) 

Insects Common in Flowers. In the minds of everyone there is a ready association 
between blossoms and such insects as bees and butterflies. These are our best-known 
insects and everyone knows where to find them. Flowers secrete nectar and odorous 
substances which attract insects and, what is much less well known, also produce 
pollen which is fed upon by many other insects. Some of those which are not so well 
known may profitably be collected as a part of the study of insect importance. They 
may be swept into a collecting net or may in most cases be caught directly in a 
bottle or a killing jar if not wanted alive. Small beetles are abundant in flowers an 
are usually pollen feeders; some flies may be caught while visiting flowers; small 
Hymenoptera of various kinds other than the common honeybee and bumblebee are 
to be found there; some of the sphinx moths suck nectar through a long tube, 
remaining on the wing while feeding and often being mistaken for humming birds. 
Some syrphid flies, because of their color and size, so closely resemble honeybees 
that they are distinguished with difficulty. Such forms as these may be collected 
from any front- or back-yard flower garden or from the wild blossoms of the open 
field or roadside. (Fig. 12.7.) 

Within the Fleshy Parts of Fruits and Vegetables. Here one finds the young 
stages of insects of a number of kinds. These often are known as “apple worms, 
“peach worms,” etc., but usually are the caterpillar stage of a moth (Lepidoptera; 
such as the codling moth, Oriental peach moth, etc. In most cases they enter the fruit 
while it is very young, feeding and growing as the fruit matures and eating, their 
way out after the fruit has reached full size. Thus, the holes found in fruit are 
usually the exits rather than the points of entrance of the insect. This mean? 
that one cannot select what is usually spoken of as "damaged" fruit as a source © 
the material. It is best to look for these insects by picking out an old or uncare 
for tree and cutting the fruit before it is ripe. Walnuts, hickory nuts, chestnuts, 
etc., may yield material of this character also. The young larvae of such insects are 
best preserved by dropping them directly into alcohol of 80 to 90 per cent strengi i 
Larval stages preserve much better after being killed in hot water. This kills 
bacteria in and on the body and also stops enzyme action. Store in 70 per cen 
alcohol. They may be kept in formalin if the alcohol is not available. A few com- 
mon types are shown in Fig, 12.8. t 

Insects That Live in the Ground. The ants (Formicidae) are the most abundan 
and most widespread of this group; in fact, they are the most abundant of @ 
insects. Ants may be found in almost any locality, so that a trip in the field to any 
sort of location will furnish ants as one of the forms that can be captured. e 
may be killed in the killing bottle, dropped into 80 per cent alcohol, or broug 
back alive if you wish to establish a colony. It is always desirable to dig into t F 
nest and get some of the forms other than the workers. Queens, sometimes drong 
pupae, larvae, and eggs are usually present. If a domesticated colony is to be esta 
lished, be sure to collect some of all forms. Place them in a jar with a cloth tie 
tightly over the mouth. Other forms that are not abundant but are interesting W é 
found are the scarab beetles (Scarabidae), or “tumblebugs.” The commonest 27 
the May beetles (sometimes called June bugs). The young live in the ground, fee 
ing upon the roots of grasses, sometimes becoming a pest upon cultivated 
such as corn and small grains. In the young stage they are often used as fish es 
and are known as white grubs. One also may find such insects as bumblebe? 
(Bombidae), mason wasps (Sphecidae), and the pupae of the Colorado pota 
beetle (Chrysomelidae), and of some butterflies (Lepidoptera) in the ground. p 

Insects that suck the blood of other animals are found everywhere. The commo 
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est example of this type is the mosquito (Culicidae), usually thought of as being 
parasitic upon man and a great variety of other animals with "warm blood." Mos- 
quitocs may be most easily obtained in spring and summer when they are breeding 
and laying their eggs in pools, puddles, ponds, and such containers as tin cans and 
barrels. If any rearing is to be attempted, it is advisable that the eggs or at least the 
larvae (wrigglers) be taken along with an abundance of the water in which they 
are found, since this contains food upon which they may be able to mature. Next 
in abundance are the bloodsucking flies such as the deer flies (T'abanidae), stable 
flies (Muscidae), and sand flies (Chironomidae). Mammals and birds are attacked 
by these insects, and they sometimes become a scourge. The horseflies (Tabanidae) 
and stable flies (Muscidae) may be found near stables or where domestic animals 
are quartered. Deer flies may occur in moist places where there are tall weeds and 
Plenty of decaying vegetation in which the young feed. Sand flies are abundant 
along beaches, where they frequently annoy bathers. They are very small and 

ifficult to combat. Bedbugs (Cimidae) are not so easily found, but whenever they 
are located they should be preserved for use later. They sometimes establish them- 
Selves in chicken houses, rabbit and guinea-pig hutches, as well as bedrooms, If 
dropped into 85 per cent alcohol, they keep well and are flat enough to be mounted 
Upon microscope slides. However, if they are to be mounted it is. better to add a 


Fio, 12.8 Insects that live much of their lives within plants: 4, corn bill bug, larva 
= corn stalk; B, squash vine borer, larva in stem; C, codling moth and larva; D, 
orn earworm, a moth larva; E, locust borer; F, bean weevil, adult and larva, 
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little glycerin or to place them between two slides and clamp these tightly with 
rubber bands before preserving. This makes them very thin. 

Insects that capture prey are not uncommon. Many ants may do this even though 
they do not live entirely by this means. Flies, maggots, caterpillars, and even large 
insects such as locusts and cicadas (seventcen-year locust) may be attacked and 
overcome by them. Some of the wasps, notably the mud dauber (Sphecinae), cap- 
ture spiders which they sting into a helpless condition and then seal into the celis 
of their nest along with their eggs. It is the growing young that feed upon the 
spider instead of the adult which captured it. Break open a new mud nest and fin 
the stored spiders. Solitary wasps make similar provision, using caterpillars. The 
dragonfly nymph (Odonata), which has been mentioned above under aquatic 
insects, is a ferocious insect known to capture and feed upon many forms of 
animals. It eats other insects, including smaller individuals of its own kind, small 
fish, tadpoles, worms, etc. Adult dragonflies capture insects on the wing. One of the 
best known predators of the insects is the antlion (Myrmeleonidae). These larvae 
are known to many as “doodle bugs.” They are always found in sand or loose dirt 
where they excavate small funnel-shaped pits and bury themselves at the bottom. 
They may be found by carefully lifting out the sand and spreading it out, OF they 
may be made to come out of concealment if a disturbance is made in their pit wit 
the end of a small twig or straw. If an insect tumbies into the pit, it is pounce 
upon by the antlion which pierces it with its needlelike jaws. The aphis lion, larvae 
of the lacewings (Chrysopidae), and the larvae of the ladybirds (Coccinellidae) 
feed upon aphids (plant lice, Aphidae) and scale insects (Coccidae). The assassio 
bugs (Reduviidae) belong to the predators also. They attack other insects with so 
bodies and thrust their hard beaks into their victim. sucking out the body fluid a" 
other soft parts (Fig. 12.9). h 

Insects that live on carrion, such as the burying beetles (Silphidae) and the B 
flies (Calliphoridae), sometimes called blowflies, are to be found wherever there 
a dead animal, or they may be easily attracted in almost any location if a si 
piece of stale meat is placed out of doors on the ground. The bait should be P” A 
tected from cats and dogs. The adult flies can be captured with a net oF i 
ordinary fly trap. They will lay their eggs upon the meat, and these may be kep 
and hatched to obtain the very small larvae. If they are fed upon meat they M 
mature and pupate, or the older stages of the maggots can be taken from the “ ; 
For methods of rearing the blowflies see below in this chapter. Silphids and staphy 
linids are beetles that commonly visit carrion or meat bait and can be capture a 
turning over the bait. They may be killed and pinned or preserved wet in the us 
manner for insects. 

Some insects become household pests, living in the habitations of man or ent 
it to forage. 

1. Ants, which are perhaps the most common offenders of this sort, seldo 
their homes in the building but enter to search for food. Some ants, however; 
move into the crevices of the building. 

2. The so-called white ants, or termites (Isoptera), are a still less pleasan. 
at times. They live in wood, and sometimes they eat out tunnels in the w l- 
structure of dwellings and cause them to become so weakened that they may t of 
lapse. Tunneling as they do within the wood they may be overlooked until a per 
damage has been done. Where wood framework or supports make actual cor 
with the ground there is always danger, and the removal of such possible me 
entrance is essential to their elimination whenever there is danger from infesto 
They are interesting forms, and it is a good idea to have some for the sake of ou" 
students an opportunity to become familiar with their appearance so that they 
be recognized. 
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ns 12.9 Insects that live in the soil: 
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A, tumblebug (dung beetle); B, May beetle. 
eects that suck blood: C, mosquito; D, stable fly; 
5 CY: F, antlion; G, antlion sand pit; H, 


E, bedbug. Insects that capture 

assassin bug; I, aphis lion; J, wasp (mud 

Sauber). Insects that feed on decomposing flesh: K, blowfly; L, rove beetle; M, bury- 
Dg beetle. Insects that are houschold pests: 

fish, 


N, flea; O, clothes moth; P, cockroach; 
» termites, winged and wingless; R, ant; S, carpet beetle, 


larva and adult; T, silver- 
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3. The housefly (Muscidae) is such a well-known pest that little need be said 
about it, but a study of its breeding places and their elimination is well worth while. 

4. Another very common insect pest is the cockroach (Blattidae). There are 
several species all of which look sufficiently alike to be readily recognizable. They 
nearly always frequent damp places such as kitchen sinks, cellars, restaurants, 
dairies, and the like. They are scavengers so that they can be caught in traps made 
of jars, milk bottles, and lard cans which have had some old bread or meat placed 
in them for bait. A simple trap is shown in Fig. 12.10. 
Careful elimination of all food and the placing of an in- 
secticide for roaches in cracks and along their runways arc 
common remedies. There are many commercial house- 
hold dusts and sprays that are effective. This is an insect 
that is not difficult to keep alive for considerable periods 
of time and it can be found in heated buildings through- 
out the year. ] 

5. The silverfish, fish moth, or shiner (Lepismatidae) 1s 
a common household form so named from its shiny 
appearance. They may be located in books, papers, an 
sometimes clothing. They move with great speed an 
agility. It is interesting as a representative of a group 2 
Fic. 12.10 Roach insects that are wingless, not having degenerate wings ud 
trap. Paper cone tied apparently a group that never had wings. In this respec 
into milk bottle. Bait they differ from bedbugs and fleas. (Fig. 12.9T.) 
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is placed in bottle, 6. The clothes moth (Tineidae) is known to everyone, 
which is laid on its at least by its work. The small adults (miller moths) enter 
side. the house and deposit their eggs upon woolen cloth, fur, OF 

feathers, When hatched the young are so small as to be un” 


Observed, and consequently the first evidence of their presence is a hole in the 
aii Ifa badly infested piece of cloth or fur is discovered, it may be placed Er 
ER ue or jar and covered by a piece of muslin tied tightly over the opening a 
mu T rana, Sometimes several generations can be obtained. Naphthalene, mN 
bs dira similar remedies are beneficial merely to repel the adults. They do not ay 
be used i oe an infestation is started. Carbon bisulfide or carbon tetrachloride wt 
nue in a closet or very small room or in a large box prepared for the purpo 

a flat dish of either substance is placed upon the shelf near the ceiling 2n 
door tightly closed for a few days, the moths will be killed. All garments should i 
hung as loosely as possible. A collection of the moth and its work is a desirable 
display for students to see. The adults usually may be found in a collection ° 
small moths taken at random. (Fig. 12.90.) e 

7. The buffalo moth (Dermestidae), dermestid beetle, and its close relative i 
carpet beetle are generally well known. The name "buffalo moth” comes from ^. 
appearance of the larva, which is a hairy object and conceals itself in woolen © oa 
and in woolen carpet. They usually work deep in the cloth and are difficult to e 
until they have done considerable damage. They are also easily reared, if one 
wishes, in either woolens or meal. Heat and extreme cold are sometimes used effe 
tively against these beetles and also against the clothes moth. Fumigating Wn 
hydrocyanic acid gas is the best method when it can be used by someone ':. 
understands its dangerously poisonous character and how to safeguard against © 
(Fig. 12.95.) Jl- 
; 8. Once in a while fleas (Siphonaptera) become extremely numerous in à bd 
ing and greatly annoy its occupants. They can nearly always be trace 
presence of a cat or dog and are often found in the cellar where such an anim? 
been quartered for a time. They may be caught in large numbers because et 
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usually more or less concentrated in the bedding where the animal sleeps. Drop the 
bedding into a can or jar that can be tightly closed and pour in some carbon 
tetrachloride or carbon bisulfide before closing. Later the fleas may be shaken out 
upon a white cloth or paper and collected. Children are usually willing to make a 
Special examination of their pets at home for a few individuals for class use. Most 
pets have them even when the owner is emphatic in his denial of their presence. 
If a cellar should be infested, it is usually possible to get rid of them by burning 
all old clothing, rags, and papers that are in the cellar and thoroughly washing 
down all the side walls and floor with a strong jet from a garden hose. Clean up all 
dirt, since flea larvae breed in it. Also purge or get rid of the cat or dog. In bad 
cases fumigation of the house is necessary, but this is not often. The peculiarities of 
the flea structure make interesting study. 

Insects That Live within Other Animals, Parasitic Forms. Some insects parasitize 
Other insects, while others attack animals higher in the scale. They gain entrance in 
various ways, In some cases the female has long sharp ovipositors by means of which 
she can pierce the surface or the entire body wall of the host and deposit the eggs 
within the host where they hatch and the larvae feed until mature. 

l. The ichneumon flies (Hymenoptera, Ichneumonidae) and the syrphids 
(Diptera) attack other insects. Others lay their eggs upon the surface of the host; 
When hatched, the young burrow into the body tissues. 

2. The warbles (Oestridae) or botflies (Gastrophilidae) attack cattle and other 
mammals, Botflies lay eggs which are swallowed, and the larvae attach themselves 
to the digestive tract and feed upon the food of the host. Horse-stomach bots 
(Gastrophilus intestinalis) may be found during middle and late summer in the 
stomachs of horses that have died or been killed and may be. had at fertilizer 
factories, The warbles which attack muscle and tissue beneath the skin are some- 
times found in rabbits and other game, but more often in cattle. i 

3. Once in a while one finds a large caterpillar which has upon its back a lot of 
small white seed-shaped objects, usually standing upon end. These are likely to be 
mistaken for eggs of the caterpillar which, of course, they could not possibly be, 
Since the caterpillar is sexually immature and since it would be impossible for it to 
lay its eggs upon its own back. They are, on the contrary, the cocoons of the tiny 
Parasites which have been living within the caterpillar’ body and which have 
Pupated on the outside. They may be collected and reared, or the caterpillar may 

© preserved in alcohol or 6 per cent formalin (Fig. 12.114). | , 
Culturing, There are many insects which can be kept alive in captivity for a 
considerable length of time, and others that may be reared through complete life 

‘Stories and sometimes many generations. Such are the meal worm beetle, wax 
moth, cheese skipper, and fruit fly. For suggestions on these see Chap. 22. In addi- 
tion to these, it is often desirable to keep some of the aquatic forms in the laboratory 
or classroom, 


a 12.11 Insects that live within other animals: A, cocoons of small parasite that 
€d in tomato worm; B, botfly; C, botfly pupa, 
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1. The water striders and whirligig beetles may be placed on the surface of an 
aquarium which is covered tightly with wire screen. If flies or other insects are 
thrown in occasionally, they will be devoured by the aquatic captives. 

2. The large aquatic bugs, such as the giant water bug and the back swimmer, 
will sometimes capture tiny fish, worms, tadpoles, or other insects and feed upon 
them. Therefore, they can be kept in a good aquarium for considerable lengths 
of time. 

3. The common flesh-eating flies (blowflies, bluebottle flies, greenbottle flies) 
are abundant in most parts of the United States and demonstrate an interesting 
type of insect reproduction, complete metamorphosis, and a very short life history. 
Many uses could be found for them in the biology course. Aside from their useful- 
ness as laboratory material in teaching, the larvae and adults may serve as foo 
for many of the other animals which require living food, such as frogs, toads, 
lizards, salamanders, and some kinds of fish. They may be reared throughout the 
year. Modifications of the method may be advisable according to need and con- 
venience. 7 

Materials needed for growing these flies are a cage for the adults, drinking 
fountain, feeding dishes such as saucers, tin-can lids, or petri dishes, tubes oF 
bottles for growing the maggots, a jar or can for pupation. The cage for the adults 
may be of almost any type. Approximately 1 cu. ft. capacity is suggested as being 
large enough and is convenient to handle. A manual arts project of preparing the 
cage would be a good chance for cooperation in school. If one or more sides arc 
closed by a pane of glass, it makes a better display for the class. 

The drinking fountain is made by inverting a small jelly glass or beaker cont 
ing water in a saucer which has a piece of filter paper or paper towel under ha 
the glass. This keeps the paper soaked so that the flies have water at all times, an 
it prevents the water standing where the flies may drown. It should be ni 
EVETY 2 days and the glassware thoroughly cleaned. The feeding dishes are sauce 
or tin lids. The food consists solely of dry sugar (granulated or lump) and fres 
lean meat. The sugar is kept in the cage at all times, and the meat is fed once en 
other day. It can be left in the cage for a few hours and then removed. The adu p 
will not lay eggs until several days (3 to 6) after the first fceding of meat. The egg 
are laid upon the meat at feeding time, and they may be discarded or saved to star 
a new culture. 

Culture tubes or bottles should be furnished with a small amount of lean = 
Care must be taken to add only about 50 eggs to a tube so that it will not become 
overcrowded with maggots. Each tube or bottle should be plugged with a err 
fitting rolled cotton plug to prevent the escape of the maggots and allow pete 
tion, which is quite necessary. When the maggots are about full grown, the age, 
should be placed in the pupation jar described below and the plugs removed. ^ pes 
will be some odor from the meat as it ages, making it necessary to keep the tu ir 
where they will not offend when not being used. A room that is little used, an ? 
shaft, or a box attached to a chimney are excellent places to grow larvae. bes 

A pupation jar or can should contain sand or crumpled paper. The culture tu i 
are placed in the pupation jar when the maggots are about full grown (3 to 4 wd 
and the stoppers removed. Cover the opening of the jar with cheesecloth oF, ber in 
with muslin. The fully fed maggots will migrate from the tubes and come to res of 
the sand, where they will pupate. The pupae may be removed later and use! be 
placed in a jar or bottle plugged with cotton and when emergence begins maY 
placed in the cage for a new stock of adults. be 

4. Diving beetles (Hydrophilidae and Dytiscidae) are scavengers and may 
kept upon most any organic food or upon prepared goldfish foods. . n oF 

5. Meal moths (Phycitinae) are readily kept in quart jars half filled with bra 


ain- 
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cornmeal. They will reproduce continuously and run several generations in the jar. 
The culture must be covered with a piece of thin cloth instead of a lid. Tie the 
cover on with strings, do not use rubber bands. 

6. Dragonfly nymphs can be kept in small amounts of water and will feed freely. 
Small worms, insects with soft bodies, and pieces of earthworm may be used as food. 
When the food is held in front of the nymph with a pair of forceps, it will seize the 
food and devour it. This is an interesting sight for students and illustrates the 
feeding activities of these voracious insects. If reared in this manner the shedding 
of the skeleton and emergence of the adult may also be observed. Do not place 
dragonfly nymphs in aquaria with other insects, worms, tadpoles, or very small fish 
because the dragonfly nymphs may eat them. " 

7. Colorado potato beetle (Chrysomelidae). This is the 10-lined potato beetle 
Which can be secured in unlimited quantities any summer wherever the white 
Potato is grown. These beetles may be reared as casily as the milkweed bug and 
in much the same manner. Their food may be supplied by placing small pieces of 
Common potato tubers in the culture dish. A flat-covered butter dish is a good 
container. The insects will feed upon the tuber, deposit egg masses, and pass 
through their complete life cycle. If 1 in. of sand is kept in the bottom of the dish, 
the mature larvae will burrow into the sand to pupate. 

As the larvae reach about half size, give an occasional leaf of potato plant or 
Stalk from a sprouted tuber. Unless they get this, they may not be able to complete 
Metamorphosis. To start a new culture, capture a copulating pair and place in a 
dish with a potato or a leaf or stalk. These insects are hardy, will grow all winter 
With the above treatment, and are useful for laboratory material as specimens of 

Oleoptera and as reaction material for demonstrations. (Fig. 12.12B.) 
^ 8. Milkweed bug (Lygaeidae). This insect is widely distributed, easily obtained 
in late summer and early autumn from milkweed, and can be kept for indefinite 
Periods of time during the winter months. But one provision need be made, and 
that is the winter food supply. This is done in early autumn by gathering a large 
number of milkweed pods. They may be secured before they burst and start the 
dispersal. The seeds are removed from the pod and placed in the culture dish as 
needed. An excellent culture dish is a flat-covered butter dish. Place seeds in the 
dish with several female bugs. Add a small wad of cotton saturated with water. 

his furnishes sufficient moisture, but it must be changed regularly to prevent 
growth of mold and bacteria. The water must not run out in the dish. The milk- 
Weed seeds supply food and a place for depositing eggs which will hatch into tiny 
red nymphs. The nymphs also feed upon the seeds and develop into mature bugs. 

ery little work is involved in providing and caring for these insects, which make 
€sirable laboratory material. "n : 3 
„Preserving, The almost universal method of preserving insects is by thrusting a 
Pin through the body of the insect after it has been killed but before it has dried. 
hen the insect has dried thoroughly, it will be firmly fastened to the pin. The 
Usual method of pinning insects is to place the pin through the thorax, as shown in 
ig. 12.12C. In the case of beetles, however, the pin is thrust through the right 
elytra, or wing cover, as shown in Fig. 12.12D. Very small insects which cannot be 
Panne are usually mounted with glue on a heavy paper “point,” as shown in Fig. 
2.12E, These should be laid on their side unless two specimens are available, in 
Which case they may be mounted by gluing one dorsal side up and the other ventral 
Side up. Butterflies and moths and sometimes grasshoppers are spread before drying. 

* spreading board is shown in Fig. 12.12H. A very simple form of spreading 
oard can be made from a flat cardboard box, as shown in Fig. 12.127. 

Mx Collection boxes. Convenient boxes for keeping pinned insects may be made 

m a variety of materials. A heavy cardboard box, such as a candy box, can be 


F La Metal 


Wood blocks plates 


B, Colorade 


D, E F, 


Fic. 12.12 Insects that may be easily cultivated are: A, milkweed bug; 
potato beetle. Methods of pinning insects for a collection are shown in C, 
and method of spreading large insects in H and I. 
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used, and cigar boxes, especially the better grade of box, are convenient. The best 
manner for preparing the collection box is to place a layer of sheet cork on the 
bottom and glue over it a layer of white paper. Sheet cork may be had as scraps 
and cuttings at furniture stores, or it can be purchased as pads for hot dishes at five- 
and-ten-cent stores. When pins are thrust into it, they stay firmly set and stand 
upright. If cork is not to be had, however, a sheet of heavy corrugated box may do 
as a substitute. The heavy, loose-fiber wallboard also does very well instead of 
sheet cork (see Fig. 12.13B for construction). 


"Cork, wall-board 
or corrugated 
poper 


Wood or 
cardboard~~ 


- 


Fic. 12.13 Inexpensive mounting boxes for insect specimens. 


, In many schools it should be possible, and very commendable, to work out a 
Joint project between the biology class and the manual arts in which pinning boxes, 
isplay cases, and many other articles are prepared by students in manual arts for 


^ Pinning. When a box has been filled with insects, all the insects or paper 
Points should be at the same height. To secure this it is necessary that the height be 
regulated at the time of pinning, since it is not possible to change the height after 


Large forms such as moths and butterflies can best be kept in good condition by 
Placing in so-called Riker mounts, which are cardboard boxes with glass tops. The 
9X is filled with cotton, which holds the insect in place and makes a contrasting 
ackground. Riker mounts are expensive. A good substitute can be made by taking 
pond strips of wood and constructing a frame from them.1 Tack or glue a heavy 
ex dboard back on the frame and place a glass plate (old photographic plates are 
( Cellent) over the top. This may be fastened by a glued tape around the edge 
VERS 12.134). E hoe) 

€ other meth ing for display consists of cutting frames from heavy 
cardboard. These eee Toa any pom size. Thickness is obtained by laying 
The A, I. Root Company, of Medina, Ohio, makes and supplies the narrow wood- 


fra > 
me material in an excellent form and at very low cost. 
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two or more frames on top of each other. Sheet cellophane is glued over one 
side of the frame. The insect is placed inside the frame and stuck fast to the cello- 
phane with glue or cement (cellophane cement can be purchased) and the other side 
of the frame closed with another sheet of cellophane (see Fig. 12.13C, D). When 
mounted in this manner the specimen may be viewed from either side. Very small 
forms may be placed in thin frames and examined under the microscope. The 
materials are inexpensive, and the mounts will last for a long time. 

4, Relaxing dry insects. If moths or butterflies become too dry to spread the 
wings, they may be softened readily in a "relaxing chamber." Such a chamber 
need be nothing more than a jar or can that may be tightly closed and partly filled 
with water (Fig. 12.3). The insect is placed over the water, the air in the jar soon 
becomes saturated and the insect absorbs sufficient moisture in 24 hr. to soften so that 
it may be spread on a spreading board and pinned. A small amount of carbolic acid 
is usually added to the water to prevent mold growth on the specimens. 

It is desirable to have a quantity of some insect which is abundant, such as grass- 
hoppers or May beetles (June bugs), in order that cach student in the class may 
tear one apart and examine its structures. For this purpose insects preserved in 
liquids are preferable. Formalin (6 per cent) with glycerin (20 per cent) is a goot 
preservative. Alcohol (80 per cent) is also commonly used. Rubbing alcohol is 
cheap and when used full strength does quite well for such animals. 

5. Collection pests. No matter in what type of container dried inse 
there are likely to be pests which will find their way into it and destroy the speci 
mens. As a precaution against them, it is necessary to place a small bag or fold of 
cloth in one corner of the box in which have been placed some flakes of naphtha- 
lene or a single moth ball. If a pinhead is heated and immediately pressed against 
a moth ball it will melt its way into the ball and then quickly “freeze” fast. This 1S 
a convenient way of securing the ball into one corner of a box. This acts only as a 
repellent and will not kill the pests that are already installed. To kill them it 15 
necessary to fumigate the boxes that are infested. Open and place the collection 
boxes either in a larger box that can be closed tightly or in a small closet. Pour 
into a flat pan or dish some carbon bisulfide or carbon tetrachloride. Place the dis 
in the upper part of the closet or box as the fumes are heavier than air and tend to 
settle. Close the lid or door tightly and allow the collection to stand for 2 days oF 
longer. This is usually sufficient to kill the pests. d 

6. Preserving colors. Frequently specimens such as caterpillars are capture 
which have a brilliant green color. If preserved, the collector is usually disappointe 
later to find that the color has faded almost entirely. This often can be avoi E 
by placing the fresh specimen in either formalin or alcohol to which has ee 
added some copper salt, such as copper sulfate or copper chloride. Allow the larv: : 
to remain in the copper solution until they are thoroughly colored. This may p 
as long as several days in some cases. Then remove them from the coloring 5° 
tion and preserve in either formalin or alcohol. The green color of the copper E: 
is usually slightly different from the natural color of the organism, but it is ™ 
better than faded specimens. 


cts are stored, 


Other Arthropods 


, Crawfish or crayfish (Crustacea), water fleas (Cladocera), and sow bu 
pill bugs (Isopods) are among the more widespread arthropods which ar 
insects and which make excellent material for class use. are 

Habitat. All these forms may be found in water. The isopods and crayfish the 


w. 
s where the 


reeds 


gs and 
e not 


ordinarily situated under stones in streams. The crayfish usually live 
water is not very swift, and the isopods cling to the undersurface of rocks W 
water moves freely, as in rapids. Crayfish may be found in water surrounding 
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and eel grass as well. Land isopods, such as pill bugs, are frequently found under 
boards in damp places (Fig. 12.144). The water fleas are more frequently found in 
very quiet lagoons of streams and in ponds and even very small pools (Fig. 12.14B). 


Fic. 12.14 A, sowbug; B, water flea. 


Collecting. For collecting crayfish the flat-sided dip net is convenient when the 
animals are not concealed under large rocks. When they are under the rocks, the 
Collecting becomes a matter of capturing each individual separately. This may be 
done by hand or in a very small short-handled net. Lift the stone with much care 
and as the crayfish swims swiftly backward place the net in such a position as to 
cause the crayfish to swim into it. A can or bucket that has a perforated lid is a 
convenient container for returning them alive to the school. 

Sopods are easy to collect as they adhere to the rocks and may be removed with 

°rceps. The land forms may be picked up with the fingers. 
the ater fleas are sometimes so numerous that 
t es be had by dipping the water contain- 
pin, em. They may be concentrated by dip- 
( § with a very small hand net or tea strainer 
See Fig. 12.15), 

BK uri Any of the aquatic forms may be 
Valer o We indefinitely in aquaria. Running 
adva and plenty of water plants are a distinct 
Dtage. Temperatures around 60 to 70°F. 


pis best Crayfish will eat worms or small Fic. 12.15 Small aquarium net 
dn of meat but should be removed and fed made from a tea strainer. 
the a Parate pan of water to avoid polluting 


oft quarium, When kept in the same water with fish or tadpoles, the crayfish will 
Cn try to capture them and sometimes succeed. At least they tear the fins with 
Deut Water fleas should be cultured in a separate vessel, in water to which 
(2 op 5^ added a little boiled bone meal, sheep manure, or pulverized boiled egg 
toss of dry material per gallon of water). Bacteria thrive in such a solution and the 
S : flea lives on the bacteria. Land sowbugs may be cultured in a jar containing 
i Soil and rotting pieces of wood. 
; eserving, In preserving crayfish, first puncture the hard shell over the back 
Mio 5 small knife blade or sharp nail to allow the preservative to penetrate readily 
cd € body. The best preservative is 6 per cent formalin. The isopods and water 
Spia be preserved in 4 per cent formalin or in alcohol. : 
tive]. Sm mites, and ticks (Arachnoidea) are arthropods which are known collec- 
-Y as “arachnids.” The spiders especially are well known to everyone, and their 


hab 
i : 
ts are interesting for study. 
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Habitat. Spiders are almost as widespread as insects but not so varied in their 
adaptations. They may be found wherever food is available. Much interest centers 
around their web-weaving activities. They live in trees and other plants, in the 
ground, and under stones. Some spiders seldom build webs but stalk their prey. The 
web weaving is sometimes restricted to spinning cocoons or nests for eggs. For 
interesting details see The Spider Book, by Comstock. 

Collecting. An orb collection is both fascinating and instructive. Get some sheets 
of black-surfaced cardboard and cut them into rectangles of different sizes. These 
cards can be carried along when the orbs are to be collected. When an orb has been 
located, blow a cloud of talcum powder from the palm of the hand so as to coat 
the web with dust. Prepare a card by painting the edge of it with shellac. For this 
purpose a small bottle and camel’s-hair brush are needed. If the card is then 
pressed gently against the web, the radiating strands will adhere to the edges of the 
card. As soon as it has dried sufficiently, the web may be cut loose from its original 
moorings and carried away. These cards may be framed under glass or cellophane 
wrapped to protect them. If an atomizer is carried along and filled with a solution 
of very thin shellac and whiting, the orb may be sprayed before being fastened to the 
card. Such sprayed webs are much more easily seen on the black background. Sma 
wood framework may be constructed and the webs attached in the same manne? 
thus leaving the orb swinging free instead of stretched over the black card. In either 
case the spider which made the web may be collected, and after it has been sprea 
and dried so that the legs arc in a natural position, it may be attached to the orb to 
enhance the demonstration. If notes on the location and habits of the spiders are 
taken as collected, they may be attached or filed, and the project becomes very 
instructive. 

To collect the spiders take along small vials or bottles of 85 per cent alcohol and à 
pair of forceps, Drop the spider directly into the alcohol. It may, however , 
placed in an insect killing bottle and used dry for mounting. Very large spiders wit 
abdomens full of soft material become shriveled upon drying. This may be avo! p 
by slitting the ventral wall, scraping out the contents, and stuffing with cotton. 

Culturing. Some spiders can be kept in captivity for years. They should - 
placed in large jars with cloth covers instead of caps or in small screen cages om 
enclosures, such as a small box with a hole in it or part of a mailing tube, can be 
added to provide a place for hiding, but this is unnecessary and is a hindrance tO 
observation. Any small insect such as flies, meal worms, or moths can be a 
every few days as food. If a small pad of cheesecloth or cotton is suspend 
the cloth cover and moistened regularly it will provide sufficient moisture. é 
such conditions of captivity they sometimes lay eggs and hatch young. Of course O7 


: ct 
must obtain a female that has already been fertilized or have both sexes to expe 


offspring. 

Preserving. If spiders are collected and killed by dropping them into jars E. 
taining 85 per cent alcohol, they may be tightly stoppered and kept for any jen is 
of time. As suggested above, they also may be killed in the same manner as Ins tsi 
and placed in mounts, either Riker mounts or in cardboard or cellophane moun 


Vertebrates 


The vertebrates (backboned animals) are those with which students are m 
familiar. The common ones are the fishes, the amphibia, the reptiles, the 
and the mammals. It will be best to take each group in turn and consider 5? 
examples of what can be done in their study. i 

Fish. Habitat. Since almost any permanent creek, river, pond, or lake conta? 
fish, and even many brooks with pools which do not dry up contain fish of some a 
it is possible to, find them and to capture them with a seine or trap. If se 


nes 
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trapping is prohibited, it is usually possible to get special permission from your state 
division of wildlife to collect for educational purposes. The five-and-ten-cent stores, 
bait Stores, and pet shops all have goldfish, minnows, guppies, and other varieties 
that keep readily in captivity. A study of nesting habits and breeding places of 
fish or of the kinds of situations where different species are found is very instructive 
and interesting. 

Collecting. Fish caught on the conventional hook are often damaged too severely 
to be satisfactory for an aquarium but would be quite suitable to preserve. It is much 
better to use a net or trap. Small hand nets can be used for minnows in pools or 
Small streams. By using a small trap in a brook or narrow part of a stream the 
minnows can be driven into it. In larger bodies of water a lift net is successful for 
minnows and may be set and baited as shown in Fig. 12.16E by placing bread crumbs 
9n the water over the net. When the minnows are feeding, lift the net quickly. Fish 
for laboratory use may be obtained at fish markets at relatively low cost and pre- 
Served in formalin or used fresh. Small fish for aquaria or bowls are available at 
Det shops, bait stores, and five-and-ten-cent stores. Familiarize yourself with your 

sh and game laws before seining or trapping for game fish. Very large minnows or 
small bait fish may be purchased from a bait store already preserved. 


guppies, etc., in a bowl or aquarium. Have plenty of water plants and feed very 
little, If water ste pies tas it is a to feed prepared fish food and to 
change the water frequently to prevent fouling. If plants are used and little or no 
Prepared food is added, it is unnecessary to change the water. Keep the aquarium 
Out of direct sunlight but near enough to a window for the plants to do well. A north 
Window is best if available. The addition of a few water snails helps keep down 
Pollution and retards the growth of algae on the sides of the aquarium, although 


reserving. Fish are best preserved in formalin. If very many are placed in a 
Jar or can it is best to leave them in a 5 per cent solution for about a week and then 
transfer them to a fresh 5 or 6 per cent solution. This is true for bulky animals of any 
ind as they greatly dilute the preservative and may spoil. Be sure to slit the ventral 
Ody wall with a knife or puncture it in some Way when the fish is first placed in the 
Preservative in order to let the preservative into the cavity. If this is not done there 
may be a lot of decomposition before the formalin penctrates to the internal organs. 
ei lop of 15 per cent glycerin to the formalin prevents the fish from becom- 
Ty stiff. 
Amphibia. Habitat, Amphibia, as the name implies, live a sort of double life, 
therefore their distribution is varied. They are well known to all. One naturally 
st the pond, creek, or swamp for frogs and tadpoles. In damp places under 
Ones Or in pools and brooks small salamanders can be found. Mud puppies or 
ale dogs (salamanders) are more frequently found in creeks and rivers, while 
k © toads live on dry land and may be seen in gardens, yards, or woods. The tree 
Dads as their name suggests are most commonly found in trees where they so 


closely resemble the bark that they are seen with difficulty even when their call 
ells of a 


mad are seldom seen far from water. The toads have a dry horny skin which resists 
à Poration, and hence they live in places often well removed from bodies of water 
T Streams, They need only an occasional wetting which serves as a “drink.” Toads 


i ir y s similar to those of t 
frog. Owever, lay eggs in water, and their young are tadpoles si he 


SS 
Ai 


figure” 


Fic. 12.16 Traps for small vertebrates: A, figure-four trap; B, details of the 
four trigger; C, bird trap; D, small fish trap; E, lift net for minnows. 
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Collecting. There is not much to learn about collecting amphibia. Frogs and 
ig have to be approached cautiously and captured individually. A hand net with 
ong handle may help in this. Frogs may be more easily caught at night by directing 
otn o beam upon them. They are apparently unable to escape and sit quietly 
1 ile the hunter approaches. (This method of hunting is sometimes prohibited by 
aw.) They may be quickly seized, or a small net may be placed over them. 
salamanders that are found in small pools can be caught by hand or in a net or 
Sieve. Those under stones and logs are caught by hand or in jars. Mud puppies and 
mur dogs are usually not seen unless caught on a hook while fishing. They may bite 
E E captor and should be handled with care. Contrary to popular opinion, the 
alamanders in the northern United States are not poisonous. 
M euluring. Adult frogs are not completely aquatic and should not be forced to 
ee in water. They do not get along well in an aquarium and will drown unless 
e nes are provided which protrude above the water. The best arrangement is a 
M. 9p box with a large flat pan of water in one end. The frog dries out rapidly and 
AER die from lack of water in 1 to 3 days. Sand on the bottom of the cage pre- 
Ee a rough bottom from injuring the frog’s legs as it hops about. The same 
Mo ment is very satisfactory for toads. Salamanders vary from aquatic forms 
external gills on the neck to terrestrial forms which will drown if kept in water. 
m = or aquarium of damp sand and a few large flat stones so placed as to make it 
ee or the salamanders to conceal themselves under them is a good habitat for land 
"pe Newts, the small aquatic salamanders, can be kept in an aquarium like 
inse Sh. Any of these amphibia may be fed an occasional earthworm or live 
E Frogs will also eat small crawfish. 
sli he ne Any of these animals are large enough so that the body should be 
t Satly pened to allow the preservative to enter quickly. A penknife blade stuck into 
© side is sufficient. Formalin, 7 per cent, is the best preservative. The addition of 
Per cent glycerin will help keep them soft for dissection. y 
am ¢ptiles, Habitat. Reptiles are not so limited in their distribution as fish and 
phibia because most of them can resist drying and are independent of water. 
ae (Testudinata), lizards, and snakes (Squamata) are found everywhere; 
gators and crocodiles (Crocodilia) live only in southern streams. 
iie attract more attention and excite more interest than any other type of 
Univer * This is partly due to the age-old misconceptions that have been almost 
B Tsally taught. It is the duty of the biology teacher to dispel as far as possible 
attitude toward snakes and to emphasize the facts that most snakes are harmless 
about at many are decidedly beneficial; that most snakes fear man and do not go 
othe Teady to pounce upon him. In regions where rattlesnakes, copperheads, and 
or T pois it would be advisable to have preserved 
Stuffed earn to recognize them at sight. 
h in most localities but can be found or 


fairly well in aquaria. The larger 
not so desirable because 


able f ligators may be found in the streams of the Southern states and are avail- 
if ke Tom several supply houses. They are not very expensive, live well in captivity 
tive Pt above freezing temperatures, and can be made both interesting and instruc- 


Li €y may be fed fresh meat. 


Soreallen” such as the common little pine lizard (Sceloporus undulatus) and the 
z : 2 Ate 

tureg CS Chamel i readily kept in captivity. They can be cap- 
Ured in ^4 eleon (Iguanidae) are “ detect them on the dull bark of 


e woods, where it requires sharp eyes to 
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tree trunks or among the green leaves. Their peculiarity in changing color in such 
a manner that they blend into the immediate environment is well known and serves 
to make collecting difficult. They also may be purchased. . P 

Collecting. Not much need be said about methods of collecting reptiles. T1 
must be located and captured individually. Snakes are best caught with a ones 
stick, as is generally known. This is an assurance against being bitten, unless 
collector is certain of his species. A long stick with a fork at one end is used TO 
when a snake is found the stick, fork down, is thrust over the snake's neck. B 
will hold it in a manner which prevents coiling and offers time to maneuver the 
captive into a box or can. 

Culturing. Most reptiles are carnivorous and feed upon such small prey as wor E 
insects, small rodents like mice and shrews, birds, eggs, fish, frogs, and m 
they can be fed upon fresh meat such as beef or liver cut into small pieces. If a i 
ators refuse to eat over long periods of time, as they sometimes do, they P 5 
forced to swallow small pieces of beef or earthworms by thrusting it down t id 
throat on the end of a pair of long forceps. Turtles must not be kept in Moers 
with fish or other aquatic animals. The turtles are likely to kill or injure t om 
Lizards and snakes should be kept in small cages, preferably with a sand bot i, 
and a piece of branching tree. They can usually be fed on insects such as ™ 
worms and beetles. ith an 

Preserving, Snakes may be skinned and the skin dried and preserved wit in a 
arsenic salt. Alligators may be skinned and the skin stuffed and preserved sd di 
similar manner. Any of the reptiles may be preserved entire in formalin the as sd 
other animals. About a tablespoonful of sugar added to a quart of formalin 1 
aid in preservation of color. k of 

Birds. Habitat. Because of their migratory habits it is more difficult to art 
birds in terms of definite distribution than of some other animals. Ils mage 
honored method of bird study involving the recognition of birds by their P be 11 be 
and songs is, of course, a desirable and essential feature. However, it might we ore 
combined with several other angles of study in such a way as to be all the ne 
instructive. Considerably more than the usual amount of emphasis should be p king 
upon the habitats of the various species common in the locality studied. In diate 
a record of the census, particular attention should be paid to the type of m eee 
environment in which the bird is usually found, the habits of its nesting P ung: 
where, how, and upon what it feeds as an adult, and what it feeds to its d ai 
Its relation to other birds, mammals, amphibia, and fish and to the crops an cy 8 
plant life of the vicinity should be noted. If the trips afield or the entire € deal 
made on the basis of feeding habits or nesting habits, etc., it will add a grea 
to the study besides mere recognition. 

Collecting. The collecting of birds is something that should be undertak 
after due consideration of all the laws and regulations governing birds. Some eded, 
ing should be done, however. For this purpose a simple fall trap is all that is n¢ E 
and a great deal of interest can be aroused in students. It can be undertake 
the students as a project at their homes or at school. A low cage of some Suc 
as that shown in Fig. 12.16C is set upon a stick which is attached to a sirine d 
tripping. The board is baited with such foods as bread, grains of all sorts; P 
of suet, or cakes of cracklings. It is best to allow birds to feed for several beue to 
week unmolested before dropping the trap. A little care will ensure no id to 
the birds, and an examination made in the small cage will make it Poss 
release any that may not be legally kept. ptained 

Banding. A bird-banding permit including bands and directions may be Swirdlite 
from the Banding Office, U.S. Department of the Interior, Fish and Laure" 
Service, Bureau of Sport Fisheries and Wildlife, Patuxent Research Refuges 


ms, 


en only 
collect 
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Ma. This is a very interesting hobby for a class to have and will do a lot to stimulate 
interest and will put a lot of zest into the study of birds. It also makes a survey and 
Seasonal record possible. If continued for several years, many birds which were 
banded one or two years before may return to the trap. This will arouse interest 
that will soon permeate a large portion of the school. k 

d It is difficult to keep most birds alive in captivity and to do so is illegal for many. 

irds in most of the states. Chickens may be incubated as a home or school project. 

ometimes state departments of conservation offer a bonus for the hatching and 
release of such game birds as the pheasant and grouse. Get the free literature from 
Your state department of conservation. : 

Preserving. Birds, like other animals, may be preserved in formalin of about 7 per 
cent strength, However, this is satisfactory only for purposes of dissection, and other 
methods of preserving are usually resorted to. Preserving the skins and stuffing 
them and the technic involved are discussed in this chapter under the general head 
of Taxidermy, 

ammals. Habitat, What is done in the study of mammals will depend to some 
extent upon the location of the school. If it is distinctly suburban or rural, it will be 
tasier to study mammals out of doors. Rural children are generally familiar with the 
odentia, rabbit, squirrel, chipmunk, and woodchuck. The raccoon and opossum 
are not so often seen. Müskrats are sometimes abundant along streams. Prairie dogs 
and beavers are abundant only in certain parts of the country. Field and wood mice 
are rather widespread. Field mice, chipmunks, and woodchucks normally live in 
Urrows dug in the ground and in relatively open places. Muskrats burrow into the 
anks of streams at about the water level and, in marshy ponds, build houses of 
Sticks and reeds, Rabbits are usually found during the day in fields of clump grass 
e Weeds or in thickets and piles of brush. Raccoons, opossum, and squirrels are 
ree inhabitants, Deer and fox are seldom seen in most parts of the country, but 
E € Virginia deer is abundant in many Eastern states and may be seen in woods and 
5. Your state department of conservation of wild life may have check lists and 
ature on the egion. ¥ 
Mm lecting, E postico may be hunted with a gun, at least during 
aln seasons specified by law, the better method is to trap them. This can be 
a with little injury and the specimen used alive, and if the skin or skeleton is 
anted (see Taxidermy below) it is usually in better condition if the animal has 
cen trapped. The commercial mouse and rat traps, including the steel trap, may be 
win eyed. Specimens so captured are likely to be dead when found. The peo 
stry Tat trap does not injure its captives, and the “figure-four es can. be ved 
the sted by almost any child (see Fig. 12.164,B). Some of the references cited a 
Hj S EE aan aoe ge derail of Du E in collecting mammals. Be sure 
ur lo: aws on d s 
Utturing, Yep NC ii alive in captivity is not easy in most cases 
Wild t Quite likely to end in disappointment and in the death of 2 animal. Many 
- types refuse to eat if closely confined, and even if this is not the case oe 
i Certain of the kind of food which they eat. For most school purposes it is better 

Use the living animals as soon as possible and then kill them for mounting or set 

Y em free if they are not harmful. If kept alive, mammals require continuous and 
AT attention such as feeding once or more times every day and regular cleaning 
Sterilizing of the cages. 


Teservin : j A 
. on taxi 
and also g. See the following section 


. “ae section on embalming. i 
ais it 15 wished, the entire body of a mammal may be preserved in the same manner 
ai Other vertebrate. The abdomen is opened by a knife or scissors just enough to 

w the Preservative to enter quickly. Sce that it does enter; otherwise the speci- 


liter. 


ei 


dermy for preserving skins and bones 
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men will spoil. Formalin, about 6 or 8 per cent, is the best and cheapest preservative. 
Always be careful not to dilute the preservative by placing too many specimens in 
one container. 


Taxidermy 


Because of the amount of space required, and to avoid unnecessary repetition, 
the art of skinning, preserving, stuffing, and mounting of vertebrates is reserved for 
the single topic of taxidermy. Although but two or threc illustrations will be reviewed 
here, they may well serve as samples for the preparation of many other types of 
animals. 

A Small Mammal Skin. Skinning. Select a specimen that is in good condition 
and has not been torn by a trap or in shooting. Lay the dead animal on its back 
and make one straight cut in the posterior half of the median ventral surface (see 
Fig. 12.17). Be careful not to cut anything but the skin, and extend the incision to 
the base of the tail. Lift the edges of this incision and cut away the thin tissue that 
connects the skin to the muscles of the abdomen. Work the skin loose to one side 
until the base of the leg is reached. Dry corn meal is used freely between the skin 
and flesh to absorb blood and to prevent sticking. Now cut down into the muscles 
at the hip and separate the bones at the joint. Pull the leg out through the opening 
in the skin, carefully removing the skin from the leg muscles. When the heel is 
reached, cut the muscles free from the leg bones. If the animal has much of a pà 
under its paw, it will be necessary to cut through the bottom of the foot and 
remove the fleshy tissue. Remove the other leg in a similar manner. This leaves 
the skin from the hind legs turned inside out with the leg bones protruding from the 
ends of the skin. Leave these bones attached. Remove the tail in a similar manner, 
being careful not to tear the skin. 


Fic. 12.17 Preparation of skins for study or mounting: A, loosening eta 
muscles; B, cotton form to be inserted in skin; wires for appendages; C, tied bird s 
after stuffing; D, finished study skin. 


"——— ———— re. 
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With the hindquarters free, it is rather easy to pull the skin forward toward the 
shoulders. Cut whenever necessary, to avoid stretching the skin. At the shoulders 
procced with the front legs just as you did the hind legs, and continue removing the 
skin until the ears are reached. Cut the ears loose from the skull, leaving them in the 
skin and attached to it. As the eyes are reached, unusual care must be exercised in 
order to get the lids loose from the skull without tearing or cutting them. The same 
care is necessary for the lips. The cartilage of the nose is cut close to the bone and 
left attached to the skin. When the skin has been freed from the head, it is com- 
pletely inside out. It should immediately be turned right side out again and any 
blood on the hair must be washed off at once. 

Preserving. When the above procedure is accomplished, the skin is again turned 
wrong side out and all fat, muscle, or other tissue scraped free from the surface. 
It is now ready to be preserved and poisoned. Use a rubber or leather glove for the 
handling of the poison. Take a handful of the arsenic alum mixture and scatter 
it thickly over the raw surface of the hide. Rub this powder thoroughly into the 
skin, Continue until all parts of the surface have been thoroughly treated. Do not 
forget the tail or the inside of the paws, if they were cut. If formula 1 or the liquid 
form of formula 2 is used (see under Formulas below) it may be applied by a 
paint brush. If the skin has dried, it should be dampened before the arsenic alum 
is applied. 

. The skull is to be returned to the skin; so it must be detached and the tongue and 
jaw muscles cut off. The brain is mashed thoroughly by a wire inserted into the 
Opening at the base of the skull, and it may then be shaken out or washed out by a - 
water jet. 

Stuffing. 'The leg bones are now wrapped with thin strips of cotton or cloth until 
they have assumed the same proportions that they had before the muscles were 
removed. 'The bulges must come in the same places. The cotton may be tied on with 
thread. The clean dry skull is inserted into the skin again and enough cotton added 
to the checks to replace the muscles removed. The skin is next turned right side out. 
Take a piece of soft iron wire and insert it into the tail. It may be necessary to 
wrap cloth about the wire to fill out the tail completely. The wire should be long 
enough to extend part way into the body, where it ends in a small loop inside the 
body filler which is next inserted. Make a bundle of excelsior or cotton of as nearly 
the same shape and size as the trunk and neck as possible. Insert this into the skin 
through the slit and adjust. Do not attempt to stuff the body with small pieces, but 
bind them into a single form and tie with thread. When the legs and head are all 
arranged properly sew the slit shut neatly. Lay the animal ventral side down on a 
board and leave it to dry (Fig. 12.17D). Sometimes it is advisable to take a stitch 
in the lips to hold them together. Also’ the final appearance of the specimen will be 
improved if you brush the hair into place before it dries. 

A Bird Skin. In preparing bird skins use almost the same method and procedure 
as for a mammal, with a few exceptions and precautions. Be especially careful about 
blood on the feathers, removing it with corn meal. In handling and skinning do not 
break any of the tail or wing feathers. 

e treatment of the skull in skinning a bird is different from the treatment of a 
mammal's skull in that it is never completely removed because the beak is attached 
to it. When the skin has been brought forward from the skull to the base of the 
beak, the eyes are removed from the sockets and the muscles cut away from the . 
Jaws. The brain is then removed from the skull. When the skin has been thoroughly 
treated, the skull is pushed back into it. 

a single long roll of cotton is used to stuff the neck. It is held by forceps and 
rust into the skull cavity and should extend back into the body, A larger wad is 
used to fill the body, and the skin is held in shape by tying:a string, around ‘the 
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: : 2e ab. the nostrils 
i til it has thoroughly dried. À stitch is taken through th A 
e m nm the throat has ies seed with cotton. The tail feathei 
i ins unti - . 
AS T ie cena a specimen. differs Eom oe vá cae hend 
i Sci s are placed in the sockets and the animal is astened tc ard, 
CO Mei Mapa substratum in as lifelike a pose as possible. Tuc es 
some SET differences in wiring and stuffing, such as those shown in the diagr: 
Fig. 12.17B. ; . 
E. wiring the tail, wires are used in each leg or wing. They za — 
upward through the bottoms of the feet and thrust through the body o! a Em 
Then a loop is made in the end of the wire and it is drawn back into the bun T 
excelsior as in the diagram (Fig. 12.17B). A bird should be wrapped about Eo. 
string when completed to hold wings in position until the specimen is 
ughly dry. . 
i Supplice Needed for Small Skins. If taxidermy is gone into extensively, NUS wx 
many useful tools and materials that one would find convenient and for certain ds 
of work essential, but the actual equipment required by the beginner to make a 
study skins in the fashion described here is small. f all 
Cutting Tools. A well-sharpened penknife with a rather pointed blade is ple 3 
means the most essential tool, A scalpel, or dissecting knife, is useful but not MU 
tory. A pair of small pointed scissors is a very helpful addition to the pesky: 
These too may not be necessary. A pair of pliers with wire cutter should be supplie 
and a small flat file. 
Stuffing Equipment. A pound of absorb c 
bandage such as gauze, cheesecloth, light muslin, or surgeon’s gauze are of first im- 
portance as well as needles and several 


forceps are useful at times, and iron wire is a necessity. 
Preservative. The one uni 


a solution and pai in nd A 
become too dry to hold the powder, e rh 


5 Ib. of baki $ to à 
boil. E ing soda to | bring 

los Fool and add 1 Ib of ode of lime, een the Cas cart and m $ 
ght. Submerge bones in the liquid until bleached, ! 
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possible. If it is not possible to submerge the bones, paint the liquid on the bones 
freely and frequently. This, however, is not very satisfactory. Wash thoroughly in 
clear water after bleaching. 

2. A 10 per cent solution of hydrogen peroxide makes a satisfactory bleaching 
solution for bones. 

3. When bones are freshly cleaned, they may be greasy or contain fat. To remove 
this material place the bones in a fat-dissolving substance such as benzene or carbon 
tetrachloride, the latter being preferable as it is noninflammable. After a few hours 
remove the bones and wash in warm water before bleaching. Soaking in strong 
solutions of commercial washing powders helps to clean and whiten bones. 

4. To prepare bones for mounting a skeleton, first scrape off all the flesh that will 
come off easily without cutting the ligaments at the joints or scratching the bone 
surface. Then place the bones in a vessel and cover completely with water. After 
a few days the muscle will be softened enough to come off by brushing briskly with 
a stiff brush. This will leave the bones fastened together by ligaments. If the skeleton 
is large, it should be disarticulated and the bones reassembled by wires or rods. The 
addition of a weak solution of caustic soda or Clorox to the water will remove the 
ligaments and cartilage, but the solution must be watched and thoroughly washed 


away as soon as the ligaments are removable. 


Embalming 


Larger Animals. When animals larger than a rat or guinea pig are to be pre- 
Served, especially if they are to be used for careful dissection, they are best em- 
balmed. Details for embalming animals such as a cat or dog can be found in a 
aaa of books (see also Turtox Service Leaflet 21). The gist of the process is as 
ollows: 

Preparation. Have all instruments and materials ready at the start. These should 
Senerally consist of dissecting scissors, scalpel or sharp knife, forceps, injecting 
syringe and needles, thread, embalming fluid, ether, chloroform or jet of gas (or 
other anesthetic), and a spreading board or device. 

The animal is slowly anesthetized until it is thoroughly limp. If you are inexperi- 
enced in keeping animals under an anesthetic, it is best to give enough to kill it, as 
shown by the heart beat. Proceed immediately to the work of embalming, stretching 

€ legs out and the head up on the spreading board while the animal is limp. Cut 
the skin on the inner surface of the thigh and separate the muscle bundles care- 
fully to expose the femoral artery along the bone, taking care to get the artery 
and not the vein. Expose the artery for an inch or two. Get the injecting needle 
and syringe ready and then tie a thread loosely around the artery, making a slip 
knot for tightening later. Insert the needle into the artery pointing it toward the 
E ody, Some workers prefer to cut carefully through the wall of the thorax and 
inject directly into the aorta just above the heart. Apply the pressure on the syringe 
very slowly and steadily and continue it until the body assumes a swollen or turgid 
appearance. Be sure to tie the thread tightly as soon as the needle is withdrawn. 

Embalming Fluid. A satisfactory embalming fluid which will preserve and yet 
ep the muscles pliable is made as follows: 


:Eormalin*(S(peritent):.- et sth nsa Tus Mee scere eris tate 
Glycerin ake odes iae 
Carbolic acid (melted crystals) 


If heavy cloth is saturated with the solution and wrapped around the embalmed 


animal and the specimen kept in a closed can to prevent drying, it will keep in- 
definitely, 
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Injecting 
By injecting into the circulatory system, or parts of it, a substance which will 
solidify and impart a striking color to the vessels, their tracing and study are made 
much easier. Complete injection, especially with differential coloring, requires bris 
siderable practice. The colored-starch injection method will be described briefly 


here, as it is the one most commonly used. 
The injection medium may be prepared as follows: 


Formalin (40 per SEDE) Beo ico rosam ats Se SaL DI DO DUE 100 cc. 
Glycerin 


Mix the starch and liquids slowly and thorou; 
Add enough finely powdered carmine 
impart a bright color. 

The animal to be injected should be freshly kille 
diately, before the blood becomes clotted. The in 


ghly and strain through a thin cloth. 
(for red) or lead chromate (for yellow) to 


d and the injection made imme- 


s eins, such as femoral vein, jugular vein, or 
hepatic portal, 

Both embalming and injecti i ; 

Jecting are scarcely suited t schoo! 

uses, but for the use o ? A PE 
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Fro, M Fossils: 4, crinoid; B, brachiopod; C, trilobite; D, corals; E, fern frond ; 
» Willow, 


PLANT ORGANISMS 


Bacteria 


Permitting the student to make his own observations, draw his own inferences, 
based on experiences with living organisms, and finally come to some conclusion 
M. far Superior to telling him all the answers. All teachers who read this recall the 
thrill and “lift” experienced upon the discovery of something made entirely 
through their own efforts, This is the kind of experience that is not readily forgotten 
and the carry-over is high; the transfer residue from too many of our educational 
experiences is pitifully low. 

€asy way to start a study of bacteria is to suggest examining a drop of liquid 
taken from directiy below the surface of a hay-infusion culture (see Collecting and 
ulturing on page 152), first with the medium-power objective of the microscope 
and later under the high-power objective. While under the lower magnification, it 
Probably will not be necessary to ask, “What do you see in this mount?” Someone 
Says, “Things are dashing around.” Under the high power, they appear to be moving 
even more rapidly. The students decide that the things they see are composed of but 
“ingle cells and that they have swimming organs. At length someone notices that 

Sy are “eating” (engulfing) some very small particles. When asked what these 
moving bodies are, which they can see quite well under the medium-power lens 

€y are likely to answer, bacteria. They may then be shown some good illustrations 
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of protozoa or unicellular animals. They saw them feeding upon some much 
smaller structures, which they*could 


were much more apparent under the 


ristics of bacteria, which was first discovered by 
a Dutch lens grinder Leeuwenhoek on Sept. 12, 1683, 


ons? The instructor may sugges’ 
Pose the sterile agar to the air jo 
) agar with the po; il, cous 

ch the agar with the finger tj ode em Doer dis agan 
if a housefly can be persuaded t? 


,Jacteria will likely be evidan 
k-shaped, some with slightly 
B or Brey C6, Others rough or crusty ad 
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slide prepari UM Purple colonies may appear nos Veg V 

: s a cy . . 
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Y, by touching it with 
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it with the microscope, W! 

Il solve a number of problems: 
Toduce? What is the maximum 
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potential rate of reproduction? Does this maximum rate of growth and reproduc- 
tion continue indefinitely? What are the factors which prevent the maximum rate 
of reproduction from continuing for only a very limited period? How do you 
explain the regularity as to shape and color of a given colony of bacteria? Are the 
characteristics of a given bacterium hereditary? How could you demonstrate this 
feature? 

It is likely that after about 72 hr. other colonies will begin making an appear- 
ance; these are obviously different from the bacterial colonies studied. They are 
composed of filaments which are multicellular instead of unicellular as for the 
bacteria. The filaments usually are apparent to the unaided eye; with aid of the 
microscope, one discovers that the filaments are either divided by cross walls or 
that they are tubular and without cross walls. In either case they are multicellular. 
These plants are representatives of another large group of nongreen plants—the 
fungi. Those occurring in the plates are likely to be the common household molds 
(mildews), If they are bluish-green in color, it is likely to be Penicillium; if black, 
with a sootlike appearance, it is probably a species of Aspergillus; if the colony has 
à cottonlike appearance with black specks scattered through it and if the filaments 
(hyphae) are tubular and branched, it is probably Rhizopus, a common bread 
mold. These petri-plate cultures, started specifically for a study of bacteria, lead 
directly and naturally to the study of the fungi. 

Another point, which should not be overlooked, is the change that has taken 
Place in the mixed population of a 48-hr. culture compared with that of the same 
culture at the end of 2 weeks. This is plant succession occurring within the bound- 
aries of a petri dish and is fundamentally the same as found about a well-established 
Pond or lake, or a flood plain through which a stream is flowing, or for that matter, 
à vacant lot in your city. Refer to Chap. 11 on student projects, the portion dealing 
With ecology and conservation. 

: Respiration (biological oxidation) in most, if not all, bacteria is incomplete. That 
is, the end products may exhibit other substances in addition to carbon dioxide and 
Water as well as released energy. For example, when fermented (hard) cider or any 
Other fruit juice is exposed to air for 2 to 3 weeks, the juice becomes vinegar. The 
alcohol in the fermented juice has been converted to acetic acid by acetic acid 

acteria. The souring of milk is caused by the lactic acid bacterium converting milk 
Sugar into lactic acid. Rancid butter and meat are usually due to the presence of 

utyric acid formed by the butyric acid bacterium. Some bacteria under anaerobic 
Conditions incompletely oxidize carbohydrates, with methane (CH,) as a resulting 
end product. This is marsh, or natural, gas. In a pond it often can be observed that 
When a stick is pushed into the mud, bubbles of marsh gas rise to the surface. The 
bubbles may be collected in a test tube and tested with a lighted match; if methane 
35 present, an explosion instantly occurs. About 80 per cent of the power used in 
some Sewage-disposal plants comes from methane collected from the decaying 
Sewage, 

There is another group of bacteria which live as parasites in contrast to the 
Saprophytic bacteria which cause decay. These parasitic bacteria are the causative 
agents of some diseases of man and other animals. A few representative diseases 
caused by pathogenic bacteria are anthrax, tetanus, typhoid, tuberculosis, pneumonia, 
diphtheria, scarlet fever, septic (“strep”) sore throat, and fire blight of pear and 
apple trees, Under most circumstances living cultures of pathogenic bacteria should 
Not be used in the laboratory or classroom because of the danger involved. They 
May be studied satisfactorily from stained slide preparations, without the risk of 
a serious accident. 

ntibiotics. Since 1939, when penicillin, the first “miracle” drug to be generally 
accepted, became available, numerous other antibiotics have been discovered. 
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Penicillin is a respiration end product of a common blue-green mold or mildew 
known as Penicillium notatum; streptomycin is a product of Streptomyces griseus, 
another fungus; streptothrian from Streptomyces lavendulae; Chloromycetin Hom 
Streptomyces venezuelae; Aureomycin is elaborated by Streptomyces aureofaciens; 
and subtilin comes from a common bacterium Bacillus subtilis, which is likely to 
be seen in the hay-infusion culture studied previously. > 
To demonstrate the action of these antibiotics, some sterile petri plates containing 
a thin layer of bacto yeast dextrose agar will be needed. Place 1 ml. of sterile water 
in a test tube. With a transfer needle inoculate the water with Bacillus subtilis or 


Serratia marcescens, a common pigmented (red) bacterium. Pour the inoculated 
water into a petri dish containing the sterile 


so that the agar surface is covered by a thin 


€ven inoculation of the entire agar surface. Cut some Vy 
Saturate the disks with a 100 


sodium salt of penicillin. Place 
Allow the plate to incubate in 
time there should be an obviou 
of bacteria, Beyond the halo, b 
the effectiveness of this demonstration, 
the filter-paper disks carrying th 
the plate from a living culture of 


à micals Corporation, Cleveland 28, Ohio. Already 

Prepared filter-paper disks impr antibiotics may be purchased 
» Mich., suppliers of many kinds of nutrient 
General and 
numbers in mos 


^ 30 many may be found on skin sur- 
Collecti z à +: Of human beings, 

usc Mu ding many common species. A hand- 
70°F.), dark room bord d ; tainer with water in a warm (about 
and nonmotile rods (bacilli ays will produce vast numbers of bacteria. Motile 


‘ound. » and spirals (spirilli) are likely to be 


ia, many of seed În a Container with water n 
> many of them being large motile rods which 
nr power lens (16 mm.) of a microscope. Spores may be 
“Power objective. Bees may be obtained from a 

colony h, à near the entrance of a hive or after 
, ny has been killed, The bees may be thoroughly dried and stored 
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sterilized slices of white potato are satisfactory as a medium. Place the potato 
slices in petri dishes, one in each dish, set the covered dish in the double-boiler 
sterilizer, and boil the water for about 1 hr. Usually this is sufficient to sterilize the 
piece. Cool, and do not lift the dish lid until ready to inoculate. Nutrient agar 
medium is best for most purposes.* For general purposes this may be made by the 
following method: 

1. To 34 Ib. of ground lean beef add 710 cc. of water and let stand in a cool place 
overnight. 

2. Strain off the juice, removing as much as possible by squeezing through a 
muslin cloth. 

3. Make the volume total 750 cc. by adding more water. 

4. Boil for 15 min. to coagulate albumin, and filter through a layer of absorbent 
cotton in a funnel. : 

5. Add 7.5 g. of peptone and 3.7 g. of sodium chloride (common table salt). 
Stir until these are dissolved. This beef broth may be used as a liquid medium for 
Srowing bacteria. The liquid is placed in test tubes or small flasks, the tube or flask 
mouths are plugged with cotton, and the tubes are sterilized (see steps 10 and 11 
9f this procedure). 

6. Heat 300 cc. of the beef broth to the boiling point, and add 4.5 g of agar-agar. 

7. Boil until the agar is dissolved. Filter through absorbent cotton. Wet the cotton 
with boiling water before pouring the agar. 

8. Make up the volume of 300 cc. with water. At this point professional bac- 
teriologists usually adjust the medium to a definite pH (hydrogen-ion concentra- 
tion), However, for use in general botany or biology classes, this procedure usually 
1S not necessary. 

9. Pour the agar into test tubes, filling them about one-fourth full. Be careful 
Not to get the agar on the wall of the tube above the liquid level. ; 

10. Plug the tubes with cotton (Fig. 12.19). The plug should be sufficiently tight 
to support the tube when lifted up by the cotton. Be careful to prevent agar from 
Setting on the plug. 

11. Set the tubes in an upright position in the double-boiler sterilizer and boil 
for 1 hr. If the medium shows contamination after 24 to 48 hr. repeat the sterilizing 
Process, 

12. To slope the agar for cultures, lay the sterilized tubes at about a 30° angle in 
^ cool place until the agar hardens. : 

he medium is now ready for inoculation. To do this a transfer needle is used. 

3-in. piece of nichrome wire (no. 24) is necessary. An electric heater unit may be 
Used as a source of nichrome wire. Units for electric irons and heaters may be ob- 
tained from five-and-ten-cent stores. The wire is fastened to the end of a glass rod. 

ne end of the rod is heated until soft, the wire inserted into it about 1⁄4 in. and 
Cooled. An aluminum rod about ¥ in. in diameter and 5 in. long also makes a good 

andle. With a chisel or knife cut a slit in one end of the rod, insert one end of 
t te nichrome wire into the slit and hammer the halves of the rod tightly about the 
Wire. Before making a transfer always heat the nichrome wire to a red heat in a flame 
to sterilize it, Allow the needle to cool before touching. it to the culture to be 
tTansferred to the sterile medium. bet 

;*emove the cotton plug from the culture tube or flask, holding it between the 

ird and fourth fingers of the left hand. Be sure that the end of the cotton plug, 
Which is to be placed in the culture tube, does not touch anything. Hold the tube 
ama slanting position between the thumb and first finger of the left hand. Heat the 

* Bacto Yeast Dextrose Agar, sold by Difco Laboratories, Detroit 1, Mich., is 
Satisfactory for most purposes. It is very convenient to prepare by following directions 
Biven on the package. 
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mouth of the tube in a flame for a few secon 


ds. Dip the sterile needle tip in the 
culture to be transferred, holdin: 


ig the needle in the right hand. Insert the needle 
into the sterile tube, touching the agar slope near the bottom and streak it by draw- 


ing the needle to the top of the agar. Do not dig into the nutrient medium. Flame 
the needle before laying it down. Flame the mouth of both tubes (stock culture 
and that just inoculated) and insert the cotton plugs. It is often advantageous to 


flame the plugs before replacing. Store the inoculated tubes in a dark warm situa- 


tion (room temperature to 98°F.). Colonies should appear in most cases within 
24 to 48 hr. 


Fic. 12.19 Test. ini 
est-tube containing culture medium for culturing bacteria. 
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Nitrogen-fixing Bacteria. Habitat. Nitrogen-fixing bacteria are of inestimable 
value to nearly all other organisms since they, along with approximately forty 
species of blue-green algae, are probably the 
only living organisms which can fix free nitro- 
gen of the atmosphere and transform it into 
compounds usable by green plants in protein 
Synthesis. Tf it were not for these organisms 
the entire nitrogen supply eventually would 
be unavailable and practically all organisms 
would die of malnutrition. One of the easiest 
Places to observe these forms is in nodules 
commonly found on the roots of leguminous 
plants. The white clover of lawns, red clover, 
Sweet clover, alfalfa, vetch, soybeans (Fig. 
12.20), shallow roots of black locusts, etc., all 
Produce excellent nodules. 

Collecting and Preserving. Carefully dig up 
the root system of one of the above plants. 
Wash away adhering soil. When present the 
nodules are readily apparent. Select one of the 
larger nodules and wash thoroughly, cut open, 
and smear the cut surface on a clean side. Add 
a drop of water and observe with medium and 
high powers of a microscope. The bacteria are Fic. 12.20 Soybean root showing 
rods which may be straight, club shaped, Y nodules caused by nitrogen-fixing 
Shaped, etc. Usually favorable material can be bacteria. 

Obtained during the winter months from white 

clover, red clover, sweet clover, and the black locust. If desired, they may be pre- 
Served in 7 per cent formalin solution or in formalin-acetic acid-alcohol pre- 
Servative, 

Sulfur Bacteria, Habitat. In regions where sulfur springs are available the sulfur 
bacterium Beggiatoa alba may be found. It appears as white masses or scum on 
TOcks or other debris in such springs. À mount of this material will show long 


8 
Fro. 12.21 Bacteria: A, sulfur bacteria; B, iron bacteria. 


Slender filaments with refractive granules inside (Fig. 12.214). These granules are 
amorphous sulfur. Hydrogen sulfide from the sulfur water is oxidized and the 
Em ting energy released causes carbon dioxide and water to combine, with a simple 
Ugar being synthesized. In the living cells, the sulfur may be converted to sulfuric 
acid, which is neutralized by calcium or other basic materials, resulting in the forma- 
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tion of sulfates. These sulfates may be used by green plants in the synthesis of certain 
proteins which contain sulfur. When the bacterium dies, these sulfur granules are 
left as a residue. Many sulfur deposits may have been formed in this way. This 
species of sulfur bacterium, and others similar to it, are unique in that they use 
hydrogen sulfide as a source of energy instead of sunlight. This process is known as 
chemosynthesis. " 

A purple pigmented sulfur bacterium is often found in sewage-laden waters or in 
any other decaying organic mass. It occasionally appears in aquaria which are over- 
stocked with mud and algae. The bacteria thrive in sunlight, which is a unique 
character among bacteria. Some of this group are very large, motile, and spiral 
in form. 

Iron Bacteria. Habitat. In most regions iron springs are to be found. They are 
made conspicuous by the presence of rusty, flocculent masses in the water. Micro- 
scopic examination of this material wiil show comparatively large amber-colored 
rods, some of which may be spiral shaped (Fig. 12.21B). These are the iron bacteria. 
They use certain iron salts as their Source of energy. Other iron compounds are 
deposited in their sheaths. It is thought that these organisms are responsible for 
some iron-ore deposits. They also are of interest because they are one of the few 
types which can use inorganic substances as a source of energy—chemosynthesis. 


Algae 


ect a surprising number of species 
irectty for class use. However, most 
t han a few days in the laboratory, 
ance varies greatly with the e 


clear by settling, 
e isolated and 


of the winter period, 
SPecies desired are n 
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ot found facall € directi 
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price from The Culture Collection of Algae, Department of Botany, Indiana 
University, Bloomington, Ind. 

Methods for Preserving Algae. Formulas for Preservatives. 1. Most algae may be 
Preserved very successfully in Transeau's algal preservative. This is made up of 
6 parts water, 3 parts 95 per cent grain alcohol, and 1 part commercial formalin. 
This preservative will be referred to as six-three-one solution. For marine algae use 
sea water in making up the formula. Medicinal (rubbing) alcohol may be substi- 
tuted for the pure grain alcohol, making the preservative less expensive and more 
easily obtainable. The formula must be adjusted as follows if this substitution is 
made, since medicinal alcoho! is usually 70 per cent. The substitute formula should 
contain 47 cc. water, 43 cc. medicinal alcohol (70 per cent), 2nd 10 cc. commercial 
formalin. i 

2. The green color of chloroplasts may be preserved by saturating the above 
Preservative with copper sulfate. The copper salt may be dropped in along with 
the specimens if desired. However, any excess copper should be removed after 
Saturation. After the green color develops to its proper intensity the specimens 
Should be transferred to a copper-free solution of this preservative. 

3. Many algae and most other plant species are preserved very satisfactorily in 
formalin-acetic acid-alcohol solution (referred to hereafter as F.A.A.). The formula 
calls for 5 cc. of commercial formalin, 5 cc. of glacial acetic acid, and 90 cc. of 
50 per cent grain alcohol. A variation of this, which is in common use, is 10 cc. of 
commercial formalin, 5 cc. of glacial acetic acid, and 85 cc. of 70 per cent alcohol. 

edicinal alcohol may be used also as a substitute for the pure grain alcohol. In 
the first F,A.A, formula the 50 per cent alcohol may be made from medicinal 

Per cent alcohol by adding 30 cc. of water to each 70 cc. of alcohol. In the 
second F.A.A. formula this dilution is not necessary. The green color of chlorophyll 
May be preserved by adding copper sulfate to either of these formulas, the same as 
for Transeau’s algal preservative. After color fixation the specimens may be trans- 
erred to copper-free F.A.A. without loss of green color. 

Concentrating Unicellular and Small Colonial Forms of Algae. 1. A funnel- 
shaped plankton net made of bolting silk (20 mesh) is desirable, but expensive. The 
nets may be purchased from biological supply houses or may be homemade. Water 
Containing the desired forms is strained through such a net, the organisms collecting 
in the bottom. The concentrated material may be emptied then into preservative. 

- A simple and inexpensive method of concentrating microscopic forms is to 
add about 100 cc, of a saturated copper sulfate solution to 900 cc. of algal culture. 
locculation of small organisms will occur often within 5 min. The precipitated 
Material is allowed to stand for a few minutes longer, during which time they will 
rise to the surface or settle to the bottom. The mass is separated by decanting the 
Water, The concentrated organisms are then preserved. The adsorbed copper is 
Sufficient to preserve the green color. A saturated solution of alum may be used 
Instead of the copper sulfate. If this is used, and a green color is desired, copper 
Sulfate must be added to the preservative. í 


Blue-green Algae 


" In recent years, it has been demonstrated that at least 40 species of blue-green 
gae are capable of fixing free nitrogen. They probably are of considerable im- 

Popeance in wet habitats, such as rice fields, because of this feature; heretofore 
trogen fixation was known only among certain bacteria. Nostoc particularly is 
“ing studied in this respect. 

in vularia and Glocotrichia. Habitat. These forms are commonly found floating 

be ponds or lakes or growing attached to submerged seed plants. They also may 

Ound in mixed scums on lily-pool walls. 


196 SOURCES, PREPARATION, AND USES OF MATERIALS 


Collecting. Colonies of these genera often appear as brownish globules, floating 
or attached (see Fig. 12.224, B). ; 

Culturing. These forms may be kept from a few days to several weeks in a gallon- 
size aquarium filled with pond water. 

Preserving. Use six-three-one solution. 

Nostoc. Habitat. This form (Fig. 12.22C) 
pools, and limestone ledges which are wet 
inhabitant of Anthoceros gametophytes anı 
See the collecting notes under these forms. 

Collecting. Some species of Nostoc 
floating in water or attached to some o 
of irregular blue-green mucila 
When these become d 


is common in ponds, lakes, wet-weather 
for long periods. It also occurs as an 
d several lichens, especially Collema. 


normal appearance, 
Preserving. Use six-threc-one solution. 
Anabaena. Habitat, This genus 


(Fig. 12.22D) is often mistaken for Nostoc. It 
differs from the latter in th. 


at very little gelatinous matrix is produced. It often 
aces and is commonly found associated with Coelo- 


he intercellular air spaces in the floating fern Azolla 
ds, such as Zamia, 


with sifted wood ashes, 
organism will often occur. These cultures may 
are a good source of Spores 
Preserving. Use six-thre 
Oscillatoria. Habitat, 
waters heavily laden wit! 
of stones, dams, 


H ds greenhouses, etc nning, stock tanks on farms, v 


north window light, cultures of this 
appear as dark-colored globules, and 


€-one solution, 
This b 


aquaria may grow fora] i 
three-one solution, E cag ume 


orming a scum, However, one of the 


9n moist sandstone Cliffs in shaded recesses. 


Fio, 15. to H, of green algae I to Q: A, 

Rivularis apen of biy oy ee E, Oscillatoria; F, Gloeocapsa; 

S, icrocystis ; H, Coelosphaerium ; I, Cladophora; J, Hydrodictyon; K, Scenedes- 

Che L, Ulothrix; M, Oedogonium; N, Draparnaldia; O, Zygnema; P, Vaucheria; Q, 
hlamydomona, 
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Here it may occur in almost pure form in irregular, crumbly, light Vn ii dei 
gelatinous masses. Scrapings from the walls of a cement lily pool often contain grca 
numbers of this plant. . I 
Collecting. Scum may be skimmed from pond surfaces with a silk tow net or 
some container. A spoon is useful in collecting it from walls of pools or cliff mee 
Culturing. Occasionally when a small globule is placed in a quart of water an 
set in light from a north window it will grow and reproduce for many months. 
Preserving, Use six-three-one solution. sch 
Microcystis. Habitat. This blue-green (Fig. 12.22G) is often found as bluish- 
green to gray-green floating bits in ponds and sluggish streams, P 
Collecting. Often the masses are no larger than a pinhead. A silk net is very 


serviceable in straining it out. However, any container may be used in skimming it 
from the water surfaces. 


Culturing. Occasionally it will live and r 
water in a north window exposure. 

Preserving. Use six-three-one solution. 

Coelosphaerium. Habitat, This floating form 
ponds and lakes in great qua 
appearance. 

Collecting. May be skimmed from the surfa 
net of very fine bolting silk is useful. Anabaena 

Preserving. Use six-three-one solution. 


eproduce for several months if kept in 


(Fig. 12.22H) often occurs in 
ntities, When in abundance it gives water a blue-gray 


ce with a cup or fruit jar. A plankton 
often occurs with it. 


Green Algae 
Chlamydomonas. Ha 
is widely distributed i; 


Situation, Scrapings from walls 
certain times, 


glass jars filled wi inoculating materia], p. 


S are likely to appear in a day or so. 
-e-one Or formalin-acetic-acid_. olution. 
f copper sulfate to Nealon ae 
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Preserving. Sparse cultures may be concentrated by the copper sulfate method. 
Preserve in six-three-one solution. 

Hydrodictyon (water net). Habitat. Water net (Fig. 12.227) is often found in 
ponds and in shallow, slow-moving parts of streams. The ponds or streams may dry 
up during the summer. Resting spores may carry this form over to the next season. 

Collecting. Both large and small nets should be collected to show different stages 
of development. The floating mats may be picked up readily from the water. 

Culturing. Water net will keep for wecks and even months in aquaria. If given 
additional light (electric) during the late fall and early winter it may be kept 
through to spring. If a few mature nets are placed in a shallow dish (petri dish is 
about right size) filled with water, then allowed to evaporate until nearly gone, the 
large cells (coenocytes) may show zoospore and new net formation. 

Preserving. Use six-three-one solution containing copper sulfate. 

Protococcus (Pleurococcus). Habitat. The commonest place to find this species 
(Fig. 22.2) is on tree trunks in a moist shaded side. It appears as a bright-green 
layer on the bark. It often occurs in such locations as an almost pure culture. It 
may be found in dense forests or on isolated lawn trees in a city. 

Collecting, Cut off pieces of bark covered with the green layer. If the bark is 
moistened for a few minutes, the Protococcus may be scraped or brushed off fairly 
free of debris. 

Culturing. Pieces of the bark may be kept in a laboratory for months from which 
the living alga may be obtained when needed. It may reproduce if kept in a moist 
chamber in diffused light. 

Preserving, Use six-three-one solution with copper sulfate. 

Ulothrix. Habitat, This interesting alga (Fig. 12.22L) grows attached to stones 
or other debris in streams, ponds, or lakes. It usually occurs in early spring and 
Often lasts in good condition for a short time (2 or 3 weeks). 

_ Collecting. Scrape the material off with a knife or other instrument and catch 
n a tea strainer, 
Culturing. It is difficult to keep alive in a laboratory for more than 3 or 4 days. 
tones from streams in midwinter will occasionally develop small quantities if 
Placed in a container with water in a warm, light situation. 

Preserving. Use six-three-one solution with copper sulfate. 

Draparnaldia. Habitat. This alga (Fig. 12.22N) is commonly found in small 
Streams attached to stones. It is of a bright-green color and very gelatinous to the 
touch. It may be found somewhat sparsely in late winter, in abundance in the 
Spring, and as occasional tufts during the summer and fall. 

Collecting, A tea strainer or net of some type is almost necessary because of the 
sickness of the filaments. They may be scraped loose with a knife and caught in the 

Tainer, 

Culturing, This alga is difficult to kecp longer than a few days in a laboratory. 
spores may be obtained by keeping the filaments in a refrigerator for 10 to 12 
T, then exposing to room temperature (70°F.) for 30 to 60 min. before use. 

reserving. Use six-three-one solution containing copper sulfate. : 
sl Pirogyra and Zygnema. Habitat. These usually occur in floating masses in 
owly Moving streams, ponds, lakes, roadside ditches, and wet-weather Pools. 
EH €y rarely reproduce sexually in shaded places, but commonly in brightly lighted 
DE In the vegetative state they usually have a dark green color, and when 

Ce a yellowish-green shade appears. ; 
clic T. Usually Spirogyra (Fig. 22.9) and Zygnema (Fig. 12.220) may be 
shana ed in midwinter from springs which do not freeze over. They Occur most 
fe antly in late April to early June. They may be found abundantly in any 

Sh-water aquatic situation where currents do not carry them away. In the field 
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usually they can be identified readily by the fact that they feel like silk. Spirogyra 
has spiral ribbon-shaped chloroplasts, while Zygnema chloroplasts are roughly star 
shaped. To get Spirogyra in the reproductive phase in good condition, examine a 
few filaments of yellowish masses with a microscope every few days until the 
desired stages are found. It disintegrates rapidly after conjugation occurs. Sufficient 
masses may be scooped up with the hand, a stick, or dip net. 

Culturing. Small mats may be kept in aquaria in the laboratory for several weeks. 
If too many are placed in a single container they disintegrate rapidly, often in a 
day or so. They should be kept in a light, cool place. 

Preserving. Use six-three-one solution containing copper sulfate. 

Desmids. Habitat. These are found in pond and lake scums, in small pools about 
springs, and on moist cliffs. One is most likely to find them sparsely mixed with 
other forms. Staurastrum (Fig. 12.234), Closterium (Fig. 12.23B), and Cosmarium 
xcellent for study. 

y mass of scum from a pond surface will probably show 


(Fig. 12.23C) are three common genera which are e: 
Collecting. Almost an 
a few forms. 
Culturing. Ordinarily it is 
marium occurs sporadicall 
Preserving. Use six- 
Diatoms. Habitat. 


F 
Fio. 12.23 Desmids: 4 to C. Six types of fresh. 


"water diatoms: D to F. 
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Collecting. Stones, sticks, etc., in small streams during the winter often have a 
brownish gelatinous layer on their surfaces. A drop of this material is likely to show 
many forms. Scrapings from moist rock-cliff surfaces, floating scums on ponds, etc., 
usually are rich in many species. 

Culturing. Numerous forms will survive in aquaria if not overcrowded. 

Preserving. Use six-three-one solution containing copper sulfate. 

Cladophora. Habitat. This common alga (Fig. 12.227) is often abundant in 
rapidly flowing streams. It grows attached to rocks and other debris in rapids on 
Tock surfaces of falls and dams. Also, it may occur in ponds and lakes. Sexual 
reproduction is rare, but reproduction by zoospores is common. 

Collecting. Carefully scrape material from rocks to retain holdfast cells. Small 
quantities may be kept in aquaria for a long time. 

Culturing. If the right balanced condition is attained in an aquarium, this alga 
May grow and reproduce for years. It often becomes a pest in fish aquaria. 

Preserving. Use six-three-one solution containing copper sulfate. 

Vaucheria. Habitat. This alga (Fig. 12.22P) is commonly found as dark-green 
velvety mats about springs and their brook outlets. It often is found as a green 
velvety covering of moist soil in greenhouses and fields during very wet seasons. 

Collecting. The mats may be held in running water to wash away adhering mud. 

hey must be handled carefully to prevent crushing of the delicate filaments. It can 
usually be obtained in midwinter about unfrozen springs. 

Culturing. If a small clump: of Vaucheria is placed in a glass container with 
about twenty times its volume of water in a light cool situation, zoospores are likely 
to be found in a few days. These as well as oospores may also be found germinat- 
ing. If the organic mass is not too large for the volume of water, considerable 
development may be attained. 

Preserving, Use six-three-one solution containing copper sulfate. 

a Oedogonium. Habitat. This interesting alga (Fig. 12.22M) is found commonly 
An quiet pools, ponds, and lakes. It grows attached to other water plants, stones, 
and debris, It may be found during the early spring, summer, and fall. 

Collecting, It often appears as a thin mat of fine filaments on. submerged parts 
oF cattails, water-lily petioles, sticks, and stones. Small pieces of these objects may 

collected or the filaments may be scraped loose. 
d Culturing, This alga is usually difficult to keep for many days in the laboratory. 
9Wever, occasionally cultures may appear among other algae in aquaria. After 
Tulting starts the filaments rapidly disintegrate. 
reserving. Use six-three-one solution containing copper sulfate. 


Slime Molds—Myxomycetes or Mycetozoa 


Slime molds have two phases in their life cycle which are quite unlike. The 
Phase known as a plasmodium is a naked multinucleate mass of protoplasm with 
NO cell walls, It is derived indirectly from germinating spores. An oval flagellated 
ce escapes from each spore as it germinates. These cells swim for some time; then 

€ single flagellum is withdrawn and the cell becomes amoeboid. Groups of these 
ameboid cells fuse, forming a plasmodium. Food is engulfed and digested by the 
P'asmodium, assimilation converts the food into more protoplasm—and so the 
Plasmodium grows. This pháse is quite animallike. Under the proper conditions, 
Probable lack of food, exposure to light, and slow desiccation, it may be trans- 
med into a very different phase. This stage is nonmotile and bears spores, which 
oft plant characteristic. In other words, the slime molds have the characteristics 

oth Plants and animals. 
K 180, Lycogala, and Stemonitis. Habitat. In general a swamp forest containing 
any decaying logs and stumps is one of the most favorable situations for numerous 
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slime molds. Beech forests, pine woods, and flood plains also are suitable habitats 
for many. Fuligo (Fig. 12.244) is common on decaying wood and old apple 
pomace about cider mills. Lycogala (Fig. 12.24B) is particularly common on 
decayed beech and pine wood. Stemonitis (Fig. 12.24C) may be found on numerous 
species of decaying logs. 

Collecting. Many species may be taken throughout the year, but seem most 
abundant in the autumn. A heavy knife to cut out pieces of wood on which the 
specimens are located is a necessity. Boxes and glue should be taken into the field 
and specimens glued immediately in boxes. Since they are very fragile this method 
Prevents much breakage and loss. Usually they are stored dry. If plasmodia are 
taken they must be preserved if they are to be kept long. Usually plasmodia brought 
into the laboratory will produce sporangia overnight. 

Culturing. One common species of slime mold Physarum polycephalum has 
proved to be the most satisfactory for plasmodium cultures in the laboratory. In 
this species, the plasmodium is of lemon-yellow color and may be found on decaying 
logs and even on lawn grass during periods of wet weather. Carefully remove a 
piece of the decayed wood, or other substrate which bears a concentrated mass of 
the plasmodium, and transfer it to the laboratory or other situation where it may 


Fic. 12.24 Representative types of slime molds: A, Fuligo; B, Lycogala; C, Stemo- 
nitis. 


procedure is carrie. 
which is known as a 


pieces of raw rolled oats (common breakf. 


sclerotium, Cover the outer glass or plasti 
and set in a cool 


If the 
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whole area of the filter paper and out on the water to the wall of the enclosing 
dish. With a scalpel or spatula, uninfected portions of the plasmodium may be 
lifted out and transferred to another culture dish and a new, active culture started. 
This is an excellent example of regeneration, or somatic (vegetative) multiplication. 

If a blank, microscope slide is placed on the petri dish, near the protoplasmic 
strands (pseudopodia), the plasmodium will likely creep upon the slide. Lift the 
slide bearing the small mass of branched strands, breaking it frec from the main 
Plasmodium, and transfer it to the stage of a microscope. Cover the plasmodial 
portion with a thick film of water and allow it to recover for 5 to 10 min. With the 
medium power objective of the microscope, one may observe protoplasmic stream- 
ing, with granular masses tumbling along in the stream. 


Dried plasmodium 
/ (sclerofium) 


Glass coyer- ————— 


Glass bow. 
or pan —— ——— 


Un 
t 
n yy 

Hey 


———/nverted petri 
dish, covered 
by filter paper 


/ 
Rolled oats grains’ 


Fic. 12.95 Equipment for culturing Physarum polycephalum, a common Myxo- 
mycete or Mycetozoan (slime mold). 


When a culture is growing vigorously, masses of the plasmodium ‘should be 
removed and placed on clean filter paper, and dried rapidly in open air at room 
temperature, Sclerotia will form from each dried mass. When air-dry, the sclerotia 
May be stored for future use. These sclerotia may remain viable in dry storage for 

Years and possibly longer. * a 

he culturing of ae mold plasmodia, as a demonstration of living proto- 
Plasm, unencumbered by cell walls, may be presented by the instructor, or used 
even more effectively as a student project. Numerous possibilities for experimenta- 
tion will become apparent to both the teacher and students. Some of the biological 
Supply houses have available agar cultures of slime mold plasmodia. à 
Teserving. As stated above, sporangia usually are preserved dry, glued in small 
(arabe However, they may be preserved in F.A.A. solution or in 7 per cent formalin. 
lusters of young sporangia whose walls are not broken should be selected for pre- 
Serving. Plasmodia may be preserved in F.A.A. solution by placing a piece of the 
Substrate bearing the plasmodium in the solution. It must be carefully protected 
and the jar not crowded to prevent crushing. 
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Fungi—Phycomycetes 


Plasmodiophora brassicae (club root of cabbage). Habitat. This daten 
fungus (Fig. 12.26E) is commonly found in market-gardening drag fans 
commonly on roots of cabbage and several other mustard species. in 
occurs while a plant is young, it rarely lives to maturity. * 

Collecting. Sitea, unhealthy-looking plants are symptoms of the disease. If 
infected, the roots will be greatly enlarged and malformed. Op ne 

Culturing. Start seedlings of Chinese cabbage or common cabbage in disease- a 
soil. After they are growing vigorously and are 2 or 3 in. tall, transplant to pots i 
flats of soil containing the club-root organism. Keep moist and in a warm pene 
Within 5 or 6 weeks good-sized infected roots will appear. If thin freehand eo h 
are made of the diseased tissues, mounted in water, and examined under the s 
power of a microscope, Spore masses are commonly found within cells. If the ed a 
are young and still developing, amoeboids cells may be observed crawling abo 


r 
within living host cells, The infected soil may be kept from season to season fo 
culture purposes, 


Preserving, Preserve in F.A.A. soluti 
the green color may be retained b 

Rhizopus nigricans (bread mol 
abundant about any habitation. 

Collecting and Culturing. Smear Pieces of bread across 
bread and keep it in a closed container in a 
Several pieces of bread should bi 
as Penicillium, Aspergillus ( 


on. If green parts are attached to the roots, 
y adding a small amount of copper sulfate. i 
d). Habitat. Spores of this mold (Fig. 22.2) ar 


a table top. Moisten the 
dark warm place for 24 to 48 = 
started at the same time since other molds suc 
green and black molds), Monilia (a pink mold), an 
cultures. When a colony of pure bread mold is found, 
to sterilized potato agar, made as follows: 


- of white potatoes. Add 250 cc. of distilled water. Mark 
the level of the liquid in a cooking pan. 

T in 250 cc. of distilled water. Use an ordinary double 
id. 


ch vessel to restore the water lost by evaporation. 
n off the clear liquid of 1 and 2. 


ek. Zoospores are ot 
B ays sexual Stages (oogonia and antheridi 
f, occasionally, g n : 
Vo:ticella, and numerous sees Same cultures may show bacteria, paramecia, 


<p 
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EE» 
Curled-leaf 
" sue 


-Irregular 
splotch 


Fig 12 
- 12.26 
of thepherg: Some common plant diseases: A, early blight of potato; B, whi i 
n e Liga tod ; C, peach scab; D, anthracnose of bean; E lubrest of pO 
2 rye; H. ds potato. Some common ascomycetes causing plant disease: G, ergot 
* brown zit af ery mildew of lilac; J, powdery mildew of willow; J, peach-leaf curl; 
of plum; L, apple scab; M, chestnut blight; N, black knot of plum. — 
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ing. ood preservative for Saprolegnia is F.A.A. solution. J 
D IM Allee candida, aie blister). Habitat. This Tee 
organism (Fig. 12.26B) is common on shepherd's purse (Capsella purra-pasun E. 
a common weed in lawns, gardens, and fields. It may occur on several species. 
mustard and one species on salsify (oyster plant). It is much more common e 
moist periods since infection takes place by zoospores. Infected plants in eme 
stages show white blisterlike pustules and often swollen tissues. Infected shepher 1 
purse is usually available in May and June. The powdery mildew DR 
parasitica) looks superficially like Cystopus and may occur along with it. However, 
it does not show the blisterlike pustules, 
Collecting and Preserving. Pressed specimens show the general Ring 
characteristics very well. Material preserved in F.A.A. solution or in 7 per pi 
formalin is better for the conidia and sexual stages. The oogonia, antheridia, an 


zygospores are usually found in stems which are swollen and beginning to show 
a dark discoloration. 


Fungi—Ascomycetes 


Saccharomyces (yeast). Habitat. Wild yeast (Fig. 22.2 
almost everywhere, causing alcoholic fermentation. 

Collecting and Culturing. Apple juice allowed to stand for a few days in a warm 
room will usually produce an abundance of yeast cells. The scum on the liquid pee 
kraut (that made and kept in open containers) and dill pickles often shows B 
cultures. Also a few crumbs from a commercial yeast cake dropped into a 2 per cen 


glucose solution will usually produce a good growth within 24 hr. if kept in a warm 
room. 


Preserving. Use F.A.A. solution. Mix the formalin, acetic acid, and 95 per cent 


alcohol, then add enough of the culture to equal the volume of alcohol. This 
prevents too much diluting. 


Exoascus deformans 


; n 
) species are commo 


cted leaves and twigs should be picked when 


ition and preserved in F.A.A. solution containing copper. Fine 


museum mounts may be Prepared in this wa 


ng. The leaves may be pressed or pre: d. The append 
ages on pressed material py PM ithin 
2 or 3 years, Preserved ACA es agile; and iE of them Break on p 


). Habitat. This mildew Sas 
» especially Salix di ild pus 
ppear late in the tae pecially Salix discolor (wild p 


The black mildew (Fig. 22.2) is Me 
POR €s. It causes fruit decay, occurs common 
B e jellies, may be found on dothing end leather goods 
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often will produce good cultures. It may be grown readily in pure culture (for 
method see bread mold above and Chap. 22, Reproduction). 

Preserving. Cultures grown on a liquid medium such as a sterile beef broth (see 
page 191) are best for preserving. This eliminates a solid substrate. Preserve in 
F.A.A. solution. 

, Penicillium (downy mildew). Habitat. This downy mildew (Fig. 22.2), some- 
times called “green mold,” is widely distributed. It occurs commonly on home- 
canned fruits and jellies, causes decay of oranges, grapefruits, apples, is the common 
mildew of clothing and leather goods stored in moist places, and is used commer- 
cially in the manufacture of Roquefort and Camembert cheeses. Penicillium nota- 
tum is a source of the important antibiotic penicillin. 

Collecting and Culturing. Same as for Aspergillus. 

Preserving. Same as for Aspergillus. 

Venturia inaequalis (apple scab). Habitat. Apple scab (Fig. 12.26L) is one of 
the commonest and most serious apple diseases in most apple-growing regions. The 
fruits and leaves are attacked. 

Collecting. Perithecia containing mature ascospores are not found until early 
Spring during moist periods. They develop on old leaves on the ground. They 
appear as black specks just discernible to the unaided eye. Spores from these peri- 
thecia infect young leaves of the apple as they are unfolding. This infection. causes 
Slightly irregular, roundish brown spots on leaves and fruits. The spots on the fruits 
may become quite irregular as the fruit grows. Conidia develop on these spots and 
Cause reinfection during the summer. : 

Preserving. If the old leaves with perithecia are dried and curled, they may be 
d redried. The fresh leaves with conidial 


Stages may be pressed or preserved in F.A.A. solution with copper sulfate to give 
way. Excellent demonstra- 


tion specimens may be prepared from such materials. If old leaves bearing peri- 


. Sclerotinia fructiginia (brown rot of plum). Habitat. Brown rot (Fig. 12.26K) 
I e fruit is the chief part attacked. 
€ disease becomes prominent about the time of ripening of the fruits. 

ollecting. The rotting plums usually show brown pustular spots scattered over 


m; 
like pechme so abundant that a brownish velvety su w 
YPertrophies. Perithecia develop about midsummer or later. These papillae 


May be located with a hand lens. The asci do not develop until during the winter 


and ¢ KL ; ` 
thro he ascospores ripen during midwinter or later. A thin transverse section 


ugh the infected portion will disclose the perithecia, if present. 
be Laine. A solution of 7 per cent formalin is satisfactory. Specimens may also 
1, o Pt dry. If demonstration specimens are desired with leaves in place, preserve 


mF, 5 
ALA, solution containing copper sulfate. 
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Claviceps purpurea (ergot of rye). Habitat. Ergot (Fig. 12.26G) isa d 
disease of rye, but is not of serious importance as far as the host plant is concer! “ily 

Collecting. Black sclerotia are produced where grains should be. It ei 
detected in rye just before harvest time, The whole heads should be collecte w = 
the sclerotia in place, Year-old sclerotia on soil, usually early in the spring, a 
produce sporophores which are mushroomlike bodies ranging from 1⁄4 to 1 in. 
length. 

Culturing. Sclerotia occasionally may 
ing them in a marked place on moist s 
Close watch during the following spring 

Preserving. Infected rye heads may b 


served in 7 per cent formalin. Fruitin 
solution. 


be made to produce sporophores by plant- 
oil and being allowed to overwinter there. 
may result in finding the sporophores. 

€ dried for class use, or they may be pre- 
g sclerotia should be preserved in F.A.A. 


saw is useful in cutting out diseas 
Preserving. Usually specimens 
7 per cent formalin for dissection. 
Morchella (morel, 


is the most highly prized edible form. It is wi 
Central and Northern States, It a 


are kept dry. Small pieces may be preserved in 


rows, and grasslands which are not heavily pastured, 
Collecting. For the i i i 


its light brown to dar] 


Peziza (Fig. 12.27p m 
Wood. Bulgaria (Fig. 1227D) and m 
Moist periods favor their development, 
Collecting. The Scarlet cup Pezi 
Spring wood. The i 
o 


leaves, and twi 
ance > igs. 7 
appears as numerous blackish Spots, usually circular, on the fruits. 


Ring 


cM 
~Stalk 
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rnula; B, Peziza; C, Morchella 
: E, Boletus; F, Coprinus (ink- 
H, Lycoperdon (pufiball); Z, 
Fomes (shelf fungus) ; L, Poly- 
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s B ing of 
The spots may fuse with one another, forming large irregular patches. Cracking 
the fruit may result from the infection. 


š lace, or 
Culturing. Diseased fruits may be kept a week or so in a cool, dry place, 
tndefinitely in a refrigerator. 


H lin or 
Preserving. Fruits, stems, or leaves may be preserved in 7 per cent forma 
in F.A.A. solution with copper sulfate. 
Lichens 

With the exception of a few 
characterized by th 
alga usually belon; 
greens. 


are 
species, lichens belong to the Ascomycetes. Haie 
€ presence of some alga upon which the fungus is el a diis 
85 to the blue-green group or Protococcus (Pleurococcus 


s r 
» Shaped somewhat like a fingernail, and occu 
at the tips of the thalli. 


ist 
the thalli may be kept alive in a cold frame or cold mo 
chamber for many weeks, 


Preserving. Plants 


may be kept dry, 
formalin, 


: nt 
Preserved in F.A.A, solution or in 7 per ce 


tree trunks and limestone cliffs in 


Collecting. When dry this lich 
color and more or | i 


cups about 16 in, in di 


Culturing. Collema may be kept alive for several weeks in a moist, cool place. 
Preserving. Use F.A.A, ion with copper sulfate. large 
(Fig. 12.28F) species are tone 
» large boulders, and sands 


g er 
sulfate, Y may be kept dry or preserved in F.A.A, solution with copP 
hyscia, Habitat. 


P This is a conr i : : he bark 
7 mon lich, n the 
of hickory, elm, black walnut, etc., and EEAS eee "P gud 


f l ; ally on rocks, 
s 2 ioe ats lichen is usually gray in color, thallose, rather small, and often 
abundantly, Asci can be dissected readily from the cups (ascocarps). 
alga present is Protococcus, : 
ulturing, Ph 


T ay be kept alive s 
a cool, moist Situation, j i 


B n (Fig. 12, is distributed exten- 
nd in abandones (Fig. 12 284) is distribu 


+1 Also 
ollecti The decaying wood, fields and pastures on poor soil. 

ec: ing. € fruit b, di 7 z ] to 
brown when old. They m [d this Cladonia are scarlet when fresh, ranging 


: 2 e 
on upright branches often an inch in height. T 
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Vegetative portions are grayish-green in color. They may be collected any time of 
Year, but are usually most abundant in the winter and spring. 

Culturing. Plants may be kept alive for many weeks in a cool, moist place. 

Preserving. Specimens may be kept dry or preserved in F.A.A. solution with 
Copper sulfate. 

Graphis. Habitat. This interesting crustose lichen (Fig. 12.28B) is usually found 
on tree trunks. Butternut, tulip tree, and blue beech (Carpinus) are among the 
most favorable trees on the bark of which they are commonly found. 

Collecting. Good specimens may be taken at all times of the year. The lichen 
forms gray patches often circular in outline. The fruiting pustules appear as pencil 
marks over the surface. With a heavy knife or ax, pieces of bark bearing the 
Specimens may be removed. 

Culturing. Material may be kept alive for several weeks in a cool, moist place. 
3 Preserving. Usually such specimens are kept dry, but they also may be preserved 
in F.A.A. or 7 per cent formalin. 


Pro. " 5 " 
Goles 528 Types of lichens: 4, Cladonia; B, Graphis; C, Usnea; D, Peltigera; E, 


a; F, Parmelia; G, Physcia. 
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Usnea (goatsbeard lichen). Habitat. This lichen (Fig. 12.28C) rh gun 
to branches of various trees. Well-developed specimens are cies d i 7 prani 
atmosphere is continually moist. The genus is widely distributed but i 
ee Cut off small branches or bark pieces with the Usnea gare 
moisten before packing to prevent breakage. Collect plants which are am oe 
The apothecia are disk shaped. This species is used commonly as a frutic 

Culturing. Plants may be kept alive in a cool, moist place for several = peti d 

Preserving. The goatsbeard lichen may be stored dry and moistened when 


B = in 
for class use. It also may be preserved in F.A.A. solution with copper sulfate or 
7 per cent formalin. 


Imperfect Fungi -— 
Actinomyces scabies (potato scab). Habitat. This disease is widely distribute 
and very common where 


4 s 
ver growers are careless about planting disease-free tuber: 
(Fig. 12.28F). 


Collecting. Infected tubi 
portion of the surface, Dise 
vegetable markets, 

Culturing Diseased tubers may be kept several months if ‘stored as for healthy 
potatoes. 

Preserving. They may be preserved in 7 per cent formalin, dist 

Alternaria solani (early blight of potato). Habitat. This important potato 


; It 
ease occurs almost throughout the potato-growing region of the United States. 
usually is found from the latter pa 


rt of June to the end of the growing season: 
Severe droughts check its growth, 


: : arge 
ers have conspicuous rough, corky pits over a a E 
ased tubers may be obtained from growers or on sa 


Collecting. The disease is distin 
circular spots (Fig. 12.264) 


nd sheaths in many localities. One sta8® 
common barberry (Berberi i 
Japanese barberry, which 
barberry was introduced by the New En 


as an ornamental plant, and its fruits wi 
cultivation and be, 


came widely distributed, For sev Federal govern 
ment developed eradication campai ui b In many areas 
difficult to 1o 3 t 


COLLECTING, CULTURING, AND PRESERVING 213 


harvest time, and sometimes before, black pustules with amber-colored two-celled 
Spores appear. These may be found on old wheat stubble and in straw stacks during 
fall, winter, and early spring. These winter spores (teliospores) usually germinate 
9n soil and produce a mycelium about four cells in length. This stage produces the 
Spring spores (basidiospores). Germinating winter spores and spring spores are 
difficult to find. The spring spores can infect only the common barberry and some 
of its close relatives. This infection occurs early in the spring, often just as the 
barberry leaves are unfolding from buds. This infection usually results in orange- 
colored spots on the barberry leaves. When these spots are examined under the 
Microscope, they are found to contain orange-colored spores called “barberry 
Spores" (aeciospores). These are carried by wind and if they fall on young wheat 
plants Will cause infection which later results in summer spores (urediniospores). 
Shans from infected and uninfected plants should be collected for comparison. 
d iveled grains from infected plants readily show effect of the disease. Usually 
ried specimens of straw with summer and winter spores, infected barberry leaves, 
and slides of each will be loaned more or less permanently to teachers by the 
BS Department of Agriculture, Division of Barberry Eradication. Extension offices 
s € various wheat-growing states usually have a supply of these. 
Mae The simplest way of preserving the spores of the summer, winter, and 
ui n spore stages is by drying. The barberry leaves should be pressed and dried 
he y to prevent molding. The spores of the summer spore stage should be dried 
denen in an oven. If they are not thoroughly dried, the winter spore stage may 
of thee, Care must be taken not to scorch the straw. If the green color of the straw 
pres € summer spore stage and barberry leaves is preferred, the spores may be 
Served in F.A.A. solution with a little copper sulfate added. 
Pen: nosporangium macropus (apple rust). Habitat. In some of the central and 
TO rn apple-growing regions this disease becomes serious if high humidity prevails. 
Wnish-orange spots are found on apple leaves (Fig. 12.29D, E, F) and fruits. 
Pores (aeciospores) from these infections may be transferred to red cedar trees. 
med infection appears as galls, averaging about 2 cm. in diameter, the so-called 
ike T apples. In early spring during moist periods orange-colored gelatinous finger- 
fae extrude from the cedar apples. Teliospores are found in these mat 
tt. nate, producing the basidial stage. Basidiospores infect apples in the 
or celiecting and Preserving. Infected apple leaves may be collected and pressed, 
Breen Y may be preserved in F.A.A. solution with a little copper sulfate to give a 
e C DDR Infected fruits may be preserved in the same way. Cedar apples with 
e ange-colored gelatinous masses last for only a few .days in good condition. 
F.A. Agen be picked from the trees and preserved in either 7 per cent formalin or 
^ Solution, 1 
mon. woe sorghii (corn rust). Habitat. Corn rust (Fig. 12.294) is a fairly com- 
pustules a of corn, especially of sweet varieties. It appears first as reddish-brown 
ese n the leaf blades. Later, black pustules containing teliospores appear. 
mer aon on dead leaves. Aeciospores are produced in the spring and sum- 
n: stricta (sour clover, or sour grass). boi es 
tion wit ing and Preserving. All stages may be pressed or preserved in F.A.A. solu- 
ulturing eer sulfate to give leaf tissues 2 green color. 
8g. Collect and dry a few corn leaves with teliospores present. Store them 


eri » " n 
© they will be exposed to low temperatures in the winter season. In the spring 


Pla ` o i 
Vigor seeds, collected the previous season. After the seedlings are growing 
cep SIS Place some of the old infected corn leaves near the young Oxalis plants. 
9 in a moist condition. Within a few weeks infections are likely to appear 
the leaflets. These spots 


es 
Cur clover and appear as orange-colored spots on 
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will produce the aeciospores, The aeciospores, if carried to corn, will cause infec 

icine tritici (loose smut of wheat). Habitat. The loose smut of d T 

12.291) is widely distributed and common throughout wheat-growing reg 

spores mature as the wheat heads begin to appear out of the sheaths. through 
Collecting. Infected plants may be detected by the sooty appearance even appeal 

the sheaths. Specimens should be collected just as the heads are about to ap 

from the sheaths since the Spores shatter readily when uncovered. 


c j vith a 
Preserving. The collection may be dried or preserved in F.A.A. solution wi 
little copper sulfate. 


Ustilago avenae (loose smut of oa. 
12.29G) is found Wherever oats are 
flowering of the oat plants. 

Collecting. Infected plants can be 
growing out of the sheaths. This is 
sheaths help prevent lo: 

Preserving, S 

f 


S ig. 
ts). Habitat. This common oat disease [FG 
cultivated. It matures at about the ti 


. re 
detected easily as the oat heads (panicles) a 


a ] the 
the best stage to collect specimens since 
ss of the Spores, 


Preserving, Pieces of t 


i on 
mushroom). Habitat, This is a comm 
27G) which is 


mycelium) can be take, 
ken in rem 
taken in d 


d. 
Tom grain-fed horses is preferrec 


bis 
i heat for 2 or 3 days. Tn 
» with more water being added to dry spots- 


—Spore mass 
1 
Spore mass 
G 

Fig, 
Of whee Some common rusts and smuts: A, corn rust; B, aecia of black stem rust 

2 aecia 9n barberry leaf; C, teliospore pustules of black stem rust on wheat stem; 
Apple en apple rust on apple leaf; E, aecia of apple rust on apple fruit; F, cedar 
corn ri gall) with teliospore columns of apple rust; G, loose smut of oats; H, 


F * feliospore 
column 


3 J, loose smut of wheat. 
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is repeated for about 2 weeks or until the high temperature is lowered. Some 
P ad sa the manure about one-third of its bulk of rich garden soil. —— E 
mass is free from disagreeable odor and its temperature about 80°F. it is rea d 
place in beds. The beds should be filied with the compost to a depth of about 1 As 
It should be packed down firmly and should be moist but not wet. The be *- 
ready to inoculate with spawn when its temperature is about 75°F. The Ros 
which can be obtained from seed stores in the form of a brick is broken into ga 
approximately 1 in. square. These are buried to a depth of about 2 in. and € 
1 ft. apart. The beds must not be allowed to dry out, nor must they be kept " 
wet. After about 1 week the beds should be covered with 2 in. of good garden soll. 
Within about 6 to 8 weeks the first mushrooms are likely to appear. 


Preserving. Solutions of 7 per cent formalin or F.A.A. solution may be used 
successfully. ly 
Amanita (deadly amanita). Habitat. Species of this genus are found usua 


E k s 1 a- 
during moist periods of the summer and fall in wooded areas. However, they occ 
sionally are found on lawns and in open pastures. 


. E a to 
Collecting. Most of the Amanitas are very poisonous. Great care must be then i 
not allow even small pieces to become mixed in with specimens intended 


eating. Figure 12.277 shows general characteristics of the group. All of them € 
a more or less enlarged base, which may be buried in the soil several inches. In som 


of the species this bulbous base breaks away from the stem (stipe) forming a CUP: 
The name “death cup” 


z 4 f : a 
1s sometimes applied to these species. Along with the cuP 
collar or annulus occur: 


5 on the stem a little distance below the gills. The bulbous 
base, cup, and the collar defi 


p e 
nitely distinguish it as an Amanita. Occasionally ke 
collar has been destroyed in some way or the bulbous base is poorly develope 
Some species of Amanita are whitish, some 


greenish, some yellowish-brown 3 
blackish-brown and the cap (pileus) smooth (A. phalloides); or white, ragged mo 
gin, smooth (4. virosa); or yellow or yellow with orange-red center, warty Pie) 
4. muscaria). The very young developing Amanita (the so-called button stage 

might be mistaken for a pufiball. However, if a longitudinal section is made throug 
it, the internal portion is not solid as in a puffball. 

Preserving. Use F.A.A. or 7 per cent formalin solution. 

Lycoperdon (puffballs). Habitat, Puffballs (Fig. 12.27H) are of common occur" 


: ut 
| (Fig. 12.277) are fairly common E 
in moist woods, sandy situations, ê 


d leaf mold seem to form good cultu 
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media for these species. Wherever found it is worth digging into the substrate and 
looking for various stages of the developing fruit body. 

Preserving. These plants dry fairly well. Either 7 per cent formalin and F.A.A. 
solution is recommended as a preservative. 

Coprinus (inky cap mushroom). Habitat. This very common mushroom (Fig. 
12.27F) occurs on heavily manured soil and on decaying stumps and logs. Moist 
ied favor its development. It may be found throughout the late spring, summer, 
and fall, 

Collecting. This genus may be recognized by its black spores, close gills, which at 
maturity disintegrate into an inky mass. The species growing on decaying wood 
often occur in close clusters numbering many individuals. All the species are edible 
in the fresh condition. 

Preserving, F.A.A. solution is a very satisfactory preservative for Coprinus. 

Fomes (shelf or bracket fungus). Habitat. This serious wood-destroying fungus 
or pid infects several species of forest trees and is common in moist 

Coll, t may be found on dead trees and is a perennial. f 

e p The vegetative part of the fungus is concealed in the wood. Only 
Specie DSpicuous fruiting structures occur on the surface. The bracket of several 
come S may be shaped somewhat like a horse’s hoof and is often as large. They be- 
them pis woody, which often makes a hatchet or small ax useful in removing 

rom the host. 
ea ig of a bracket is made up of many pores which can scarcely be 
© cream by the unaided eye. Spores are borne in these pores. The surface is white 
is not t Colored when in good condition. It is soft and will bruise or scar if care 
aken, 
al ee Specimens may be dried successfully as laboratory specimens. They 
y paint be preserved in 7 per cent formalin. If kept dry it is well to poison them 
0 ke ing on a saturated solution of bichloride of mercury in 70 per cent alcohol 
dnd free of insects, 
ni eeu Habitat. Species of this genus (Fig. 12.27L) are important wood- 
ung o, 8I widely distributed on living trees, decaying logs, and stumps. This 

n 3S an annual, 
usually ne: Any wooded area or cut-over lands on which slashings still. remain are 
Yellow etter of several species. One of the most conspicuous Is à "P a 
15 edible h Occurring in clumps often 1 ft. or more across. It is soft when young an 

; Another conspicuous one is brick-red in color and is of a hard, leathery 


textur à 
with aat he undersides of brackets are spore bearing. This surface is honeycombed 
n 


Teser, numbers of almost invisible pores. 1 k 1 

It kent 7728. These may be kept dry or preserved in 7 per cent formalin solution. 
Boleto pos" to prevent insect attack the same as for Fomes. — 

ie Habitat, Most species of Boletus (Fig. 12.27E) grow on soil and a few 

mmop], zc color varies through brown, reds, yellow, to purplish. They are most 
Collita ound in moist woods. e 

resemble ‘ng. These fruit most abundantly from midsummer to late fall. They 

eu E: form the gill mushrooms, but instead of gills they have numerous pores 
nderside of the cap. Some species when wounded quickly turn to a bright- 


colo pr u 1 
Téserpin the injured tissues. Some are edible while others are poisonous. 
B. 


Use 7 per cent formalin or F.A.A. solution. 


lue 


Mosses 


mportance in botanical studies as form 
erations in which the sporophyte is paras! 
esser extent. As a land cover they invade new 


s showing a well-defined 
tic upon the gametophyte 
ly exposed surfaces 


Mos. 
alte Ses are of į 
to a vation of gen 


* greater or] 
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is of 
i i The group is 0 
i il builders and binders. der 
ing li . They are important soil unii 1n 
Pu hd dm Nisi value except for m iei eese S sed cte 
io i i ce as fuel. Pu Z hagntift 
? hagnum) is of great importan: iu Diy Sh 7 
regions peat (Sp il for lawns and other landscape planting: dades 
in the preparation of soil for ; 1 ed, aie Ber di on it 
i bout thirty-five times i Nearly 13, 
will absorb water equal to al ve bey Bahia : 3.000 
i ed in packing roots of living p mid 
d ea have es described. Only a few of the commoner P 
er 
3 re, . w— 
gat D odis dry their specimens and store them in Ens ates tok 
folders They may or may not be pressed. When ig cade e enables Oe 
.] : heir lifelike appearance. E for future 
2 or 3 min. they regain much of th f einge et a 
more species, with adequate sp. i aud dedi 
a v ih Pes in z shoe box. For demonstration poemes formula fou 
Gm "m however, material preserved in liquid is often desired. 


ive 
s t preservativ 
F.A.A. solution with copper sulfate, given on page 300, ode} ap epr may be 
for Bryophytes, Nearly lifelike demonstrations and material fo: 
prepared by this method, 


t 
in very wel 
i ig. 12.30B) grow in ve ts 
peat moss). Habitat, The peat mosses (Fig. ) itcher plants, 
eco px mom e In the more extensive bogs, cranberries, pitc 


y H mal 
it. It may be found occasionally in S 
Ps and in seeps on hill or cliff sides. 


with copper sulfate, > d moss 
Funaria hygrometrica (cord moss, ash-heap moss). Habitat. The cor ee 
(Fig. 1230H) is wi istri 


nc 
fter fertilization the npe 
gradually breaks away and becomes established as a Separate plant. From a 
egg at the tip of this plant a Sporoph 
early summer, 


n in somewhat reduced li 
Phytes are likely t 


eir appearance within 4 or 5 

Preserving, Plants of all stages of deve 
Served in F.A. A. Solution with 4 little co, 
Atrichum thari i 
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Collecting. This moss grows in rather dense clumps. It fruits abundantly in the 
fall. Sporophytes in good condition may be found throughout the fall and winter. 
Clumps may be brought to the laboratory and placed in a box out of doors in some 
convenient, cold, moist place until needed. A light covering with moist leaves or 
Brass will give them sufficient protection. Male and female gametophytes may be 
collected in May and June in good condition for antheridia and archegonia. The 
male plants can be detected readily by a cuplike structure at the gametophyte tip. 
In the center of this the greenish-brown cluster of antheridia can be seen. Other 
plants in the clump not showing the cups are likely female plants. The only way 
to be sure is by dissection of the tips. When dissected parts are placed in a drop of 
water and observed microscopically, archegonia may be detected readily if present. 


| -- Sporophyte 


Fio. 12.30 Common types of mosses: A, two types of cells from a leaf, and B, entire 
siagnum plant; C, Leptobryum; D, Atrichum, female plant with sporophyte; E, 
" € plant; F, Thuidium; G, Funaria gametophyte; H, Funaria gametophytes with 
Porophytes; 7, Maium. Types of liverworts. 
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Culturing. Protonemata (Fig. 22.10) of either Atrichum or Funaria ps A 
cultured readily. The simplest method is to crush a dry sporangium and libera 
the spores on the surface of some diluted Knop's solution. 


KNOP'S SOLUTION 


Potassium nitrate ... 
Magnesium sulfate . 
Galcium- nitrate. 10.. o a, 
Potassium acid phosphate (KH,PO,) 


Ferric chloride (1 per cent aqueous solution) 
Distilled water 


Dilute Knop’s solution to one-third of its original strength with distilled water (tap 
water if distilled water is not available) and place in petri dishes or other small glass 
containers which can be covered. After they have been inoculated place them x 
light from a north window or other reduced light situation. Within about 4 wecks 


branched protonemata may be expected. Germinating spores may be had in about 
2 weeks, 


F ‘s cope e 

1ent medium, sterile plates, and by sterilizing ye 

lium hypochlorite (sold commercially at grocery stores ty 
; €tc.). The Sporangium must then be rinsed in ster 


BEYERINCK'S SOLUTION 
Distilled water 


Osphate (Kin B vU DE 
agnesium sulfate A wiss ' PO, ) a x ds s 
Iron chloride (percent aqueous s o ttn iR 


Ost species of this 


" * haded, 
wet ravines, CI &enus (Fig, 12.307) are found in s 


in 
umps may be formed on soil, rocks, decay! V 


in 
Scales which are very gus 
Collecting, These moss 


summer fine antheridial QE abundantly from early to late spring. In x 
excellent for archegonia Some iie a Tn are easily found. This fo ín 
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ditic. The antheridial plants of unisexual species are easily detected by the broad 
flat cups at the gametophyte tips. 

Preserving. Preserve all stages in F.A.A. and copper sulfate solution. 

Polytrichum (pigeon wheat or haircap moss). Habitat. The various species of 
Polytrichum (Fig. 22.10) grow in a wide range of situations. Some are commonly 
found in bogs and swamps, some on very poor acid soil, others on dry hilltops and 
talus slopes. When growing in very favorable situations the species of this group 
become our largest mosses. They often form large, circular, dense mats. 

Collecting. Ordinarily sporophytes are produced in May and June. At high 
altitudes they may not fruit until midsummer. Antheridial and archegonial plants 
may be collected in good condition during the latter part of May and June. The 
male plants can be detected readily by the well-developed cup at the gametophyte 
tip. The sporangia are as large or larger than a large grain of wheat and may be of 
about that color. The sporangia, while fresh, are covered with a conspicuous 
calyptra which forms a conical tip at the apex and has a ragged edge below. The 
name “haircap” is derived from this structure. 

Preserving. Some prefer to store the sporophyte-bearing plants dry. Many, how- 
ever, prefer them preserved in liquid. The F.A.A. solution with a little copper 
sulfate is recommended for all stages. 

Leptobryum pyriforme. Habitat. This species (Fig. 12.30C) occurs commonly as 
a weed in greenhouses. It often becomes established on soil about potted plants 
which have not been disturbed for some time and in sand on cutting benches which 
is moist but not disturbed for several weeks. It rarely produces sporophytes in these 
situations. However, it is very fine for demonstrating brown buds and protonemata. 

hese buds are asexual reproductive bodies. 

,. Collecting. Under the above conditions this moss is usually not more than 1 cm. 
in height, forming small clusters or large mats, depending on the age and amount 
of disturbance. The scales are rather long and hairlike, inclined to bend, giving the 
mat a curly appearance. The brown buds are somewhat flask shaped, composed of 
Several cells, and are attached by a slender axis to rhizoids, or protonemata. Under 
Proper conditions the buds will germinate, one or more cells giving rise to pro- 
tonemata. It apparently spreads by means of these structures in greenhouses as well 
as in nature. 

Culturing, Living cultures may be had by inoculating sand mixed with a little 
soil and keeping it in a Wardian case (Fig. 12.33) or in a closed glass container in 
a shaded situation. Inoculation is brought about by placing a small clump of living 
Plants in the sand-soil mixture and wetting thoroughly. Such cultures are also 
usually a good source for protonemata. 

reserving. Carefully remove the plants from the soil and wash, brushing particles 
of soil and sand away with a camel's-hair brush. Preserve in F.A.A. and copper 
Sulfate solution, 

Thuidium delicatulum (fern moss). Habitat. This beautiful moss (Fig. 12.30F) 
forms dense lacy mats on decaying logs or stumps in moist woods and deep shaded 
ravines. It is sometimes collected and used as soil containers in wire swinging 

Ower baskets. It is an excellent representative of a pleurocarpous (sporophytes 
lateral and gametophyte prostrate) moss. 

Collecting. The highly branched prostrate gametophytes often form a dense mat 
which can be pulled up from the substrate in great sheets. It fruits about mid- 
Summer, The antheridial and archegonial branches are somewhat difficult to detect. 

t is better to depend upon some other type for demonstration of these organs. 

Culturing, Mats of living plants may be kept alive for many weeks if placed in a 
cool, moist situation. 

Preserving. Preserve in F.A.A. and copper sulfate solution. 
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Liverworts 


Marchantia. Habitat. This most widely studied form of any j| a fiip | 
(Fig. 12.307) may be found growing in several types of situations. is des ES 
growing luxuriantly about some bogs, swamps, deep shaded ravines, a uat AT 
It occasionally occurs as a weed in greenhouses, in shaded lawns, an 

f old walks. ] = 
E Gone Archegonial and antheridial branches occur usually in age econ 
cups are usually more abundant before the production of these Pann at 

are kept in a greenhouse they will fruit usually in April in the central s - Fig. 

Culturing. Marchantia may be grown successfully in Wardian M er € 

12.33) or in glass-covered cold frames out of doors. It will grow satis T pude 
mixture of sand and garden soil or on ashes. It must be kept moist an 

all times. 


er 
Preserving. After washing thalli free of soil, preserve in F.A.A. and copP 
sulfate solution. p om- 

Conocephalum. Habitat. This liverwort (Fig. 12.30L) is usually of e 
moner occurrence than Marchantia. It is commonly found on sandstone or 
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Mature sporophytes are found about the first of April. They last for but a short 
time. The first week or 10 days of warm weather in spring are sufficient for develop- 
ment of the stalks bearing the sporophytes. The short wartlike antheridiophores are 
produced about midsummer. Archegonia may be found usually during July. Their 
location can be detected by a cone-shaped structure near a gametophyte tip. 

Culturing. Conocephalum may be grown on very wet soil or sand in a Wardian 
Case, or cold frame. 

Preserving. Preserve in F.A.A. and copper sulfate solution. 

Pellia. Habitat, This thalloid liverwort (Fig. 12.300) may occur abundantly on 
sandstone cliffs which are continually moist. It grows luxuriantly in dripping water. 

Collecting. Pellia fruits usually in early April and may be found occasionally in 
May. During the winter and spring the thalli are often a reddish-purple color. The 
plants are about 1 in. long and of a delicate structure. The antheridia and archegonia 
may be found in June and July. The antheridia form tiny pimples along the midribs 
of gametophytes. The archegonia are located in a little pocket near the anterior end 
of the thallus and are covered by a tiny flap of tissue. The sporangia of young sporo- 
phytes may be found protruding from these pockets in late August. The seta does 
not elongate until the following spring. 

Culturing. Pellia may be kept alive for several weeks if placed on constantly wet 
Sandstone or clay soil. 

Preserving. Preserve in F.A.A. and copper sulfate solution. 

Ricciocarpus. Habitat. It is frequently found in ponds and small lakes and on 
mud banks surrounding these situations. (Fig. 12.30K.) 

Collecting. Only the floating form fruits. The aquatic form is roughly triangular 
to fan shaped, rounded on the anterior portion. A deep furrow marks the middle 
of each branch. The sporophytes occur embedded in the green thallus along these 
grooves. When mature they appear as small dark spots. Fruiting usually occurs in 
the latter part of May and June. A small dip net is useful in skimming these plants 
Tom water surfaces. 

Culturing. Plants may be kept for several weeks in aquaria. 

reserving. Preserve in F.A.A. and copper sulfate solution. 

Anthoceros. Habit, The hornwort (Fig. 12.30M) may be found on mud banks, 
marshy situations about springs, moist sandstone cliffs, etc. In the Illinois prairie 
Tegion it is often abundant during moist seasons in clover fields. 

ollecting. Fruiting seems to occur from midsummer to late in the fall. The 
Sporophytes arise as green hornlike projections at right angles to the green semi- 
circular thallus. They split open at the tips as they mature. The sex organs appear 
as pimplelike dots in the central portion of the thallus. The blue-green alga Nostoc 
May be found as an endophyte in the thalli. Bluish-green spots indicate locations 
9f this form, 

Culturing. Small clumps may be kept alive and growing for several weeks or 
moe if kept on very wet soil in a covered glass container or Wardian case (see 
1g. 12.33), 

Preserving, Preserve in F.A.A. and copper sulfate solution. 

Porella, Habitat. This is probably our commonest so-called leafy liverwort 
Fig. 12.30N). It may be found on wooded north-facing slopes near the ground 
9n the bases of elm trees, on flood plains commonly on the bases of elms and 
buckeyes, also on stones and even soil in shaded moist ravines. 

ollecting. Plants with mature sporophytes are commonly found in September. 
€ archegonial and antheridial branches may be found by midsummer. 

ulturing, Plants may be kept alive for several weeks by keeping them in moist 
ardian cases (Fig. 12.33). : 

reserving, Preserve in F.A.A. and copper sulfate solution. 
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Pteridophytes 


Polypodium virginianum (P. vulgare, common polypody). Habitat. Thiis d 
common evergreen fern (Fig. 22.11) in sandstone regions and is ends puer 
on soils underlain with shale. It often forms great clumps on cliff edges where 

aded and moist. . E 
Es Fruiting starts about the first of July, and the sori remain in sood 
condition throughout August. Complete specimens including roots, rhizomes, 
leaves should be collected for laboratory work. We. 

Culturing. Rhizomes may be collected during any season. When placed in S 
sandy or peaty soil they will start growth within 10 days to 2 weeks. This pt 
an easy way to obtain coiled buds for study. If placed in a mixture of sand, P Pe 
and garden loam in a Wardian case and kept moist, the plants mature and live 
a long time. ; jas 

Preserving. This form Presses nicely, retaining a fairly good color if a y 
been used. If preserved material is desired the F.A.A. solution with copper sulfa 
is recommended. (Fig. 

Dryopteris (Aspidium, marginal shield fern). Habitat. This evergreen fern ch 
12.31B) is common in moist woods and deep shaded ravines. It often attains 
height of 2 ft, 

Collecting. The sori are borne clos 


ss in 
€ to the leaf margins. Fruiting occurs usually 3 
August. The plants are usually too 


large to press and mount as whole specimens. 

Single fronds are satisfactory for most purposes. ia (see 
Culturing. Small specimens may be grown in Wardian cases or terraria 

Fig. 12.33). They must be kept in shaded situations. E or 

Such forms are usually pressed and mounted on herbarium sheets 

in special mounts. If desired in liquid, F.A.A. with copper sulfate solution 1$ very 

satisfactory. ine 

Asplenium (spleenworts). Habitat. These ferns (Fig. 12.314) are common P 


; : á . n 
habitants of rocky woods and deep ravines, Some species occur on limestone 2 
others on sandstone, 


Collecting. Fruiting occurs about midsummer. The sori are oblong or du 
Culturing. Spleenworts may be grown in woods soil if placed in a terrariu 
(sce Fig. 12.33). € 
Preserving. Plants may be pressed or Preserved in F.A.A. and copper sulfat 

solution. 
Polystichum acrostichi 
green fern (Fig. 12.31E 


Preserving. 


er- 
Habitat. A very common a is 
rocky woods, where the SO 


. i a 

shaded situation, ts may be grown in a glass case in woods soil. Keep them ™ d 

Preserving. Whole lants, i as 

copper sulfate soldos: ants, or leaves, may be Pressed or preserved in F.A.A 

12 316) may b vs zophyllus Habitat. The walking fern e 
SNR may be cep shaded ravines. Occasionally 


ductive 


ida brake fern); 


lia (Flori 


B, Dryopteris (marginal 


dder fern) showing repro 
ultiplication. 


tative m 


Pteris longifo 
(bla 


Asplenium (spleenwort) ; 
; F, Cystopteris 


> 


) 


nsitive fern) ; D, 
alking fern) showing vege 


A 
as fern 


(se: 


* 12, 
Tern) Common ferns: 
stich, C, Onoclea 
ichum (Christm 
amptosorus (w: 


Fig, 
bi 


ld 
Pol 
uds; G C 


225 


226 SOURCES, PREPARATION, AND USES OF MATERIALS 


Culturing. If soil from a woods is placed in a terrarium the plants may be kept 
growing for a long time. They must be kept shaded and very moist. 


Preserving. Plants may be pressed and mounted as herbarium specimens, or they 
may be preserved well in F.A.A. and copper sulfate solution. 


Cystopteris bulbifera (bladder fern). Habitat. This interesting fern (Fig. 12.31F) 
grows in crevices of moist, shaded limestone cliffs and in alkaline bogs. f 

Collecting. This species is of particular interest because of the bladderlikei bud 
on the leaves. These drop off, root, and grow into new plants. The “bladders” anı 
sori may mature in July and August. Leaves with reproductive buds must be 
handled very carefully since the “bladders” are easily broken off. 

Culturing. If plants are placed in calcareous soil and kept very moist in a terrar- 
ium, they may grow for at least several months. ; 

Preserving. Fronds or complete plants may be pressed and mounted as herbarium 


the buds will have to be glued to keep them in place. 
Material may be preserved in F.A.A. and copper sulfate solution. 


Pteris longifolia (Florida brake fern). Habitat. This subtropical fern (Fig. 
12.31D) is found in southern Florida on calcareous rocks. However, it is grown by 
florists as an ornamental; so it may be easily obtained 

Collecting. The plants fruit throughout the year, making it a valuable laboratory 
Plant for a supply of Spores and sporangia. As for all Pteris species, the sporang!4 
are borne in a continuous line along edges of leaflets, 
is is one of the easiest ferns to grow in pots. It may be grown as 

it will grow more vigorously in a terrarium. 
reserving, May be Pressed or preserved in the usual way as for other feni 
in the laboratory, fresh material may be on han 


at all times, 
_ Onoclea sensibilis (sensitive fern). Habitat. The sensitive fern (Fig. 12.31C) grows 
in swamps and near the edges of bo i 


1 way embankments and roadsides, 
Collecting. There are two 


They are of a d. 
Preserving. May be p 


© found in September and October. A f 
are well worth the effort. 
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Preserving. The same procedures are used as for other ferns. The gametophyte 
stages should always be preserved in F.A.A. solution. 

Nephrolepsis exaltata (Boston ferns). Habitat. The wild form (wild Boston 
Or sword fern) grows abundantly in southern Florida hammocks. However, the 
cultivated Boston fern and many of its varieties may be found at any florist's estab- 
lishment. The wide range of mutations in this species within the last 65 years have 
Produced at least 240 varieties, This is one of the finest records of evolution in 
Progress to be found among our commoner plants. Its propagation by runners 
(stolons) is an outstanding characteristic. 

Collecting. The wild species can be easily collected in almost any fair-sized ham- 
mock in southern Florida. Many nurserymen in Florida can supply it. The common 
Boston fern, the oldest variety of the wild species, can be supplied by any florist. 
The following varieties also are commonly found on sale: Wanamakerii, Whitmanii, 
Scottii, Piersonii, Compacta, Superba, and numerous others. The spores of the 
Boston fern and its varieties are usually sterile. 

Culturing. Ordinary pot culture methods commonly used for other house plants 
are satisfactory, In fact, these ferns, if given a cool shaded place, do better than 
most other plants usually found in homes. Rich garden soil placed in a clay pot with 
Eood drainage is all that is necessary. Keep the soil moist, but not soaked. 

x Azolla (floating fern). Habitat. This beautiful little fern (Fig. 12.32E) is occa- 
sionally found as far north as New York in ponds and lakes, but is rather rare in 
the Northern states. It is common in Florida. It is often sold as an aquarium species. 

Collecting. For most teachers the easiest place to obtain this species is from a 
dealer in aquarium supplies. A small amount is inexpensive. 

Culturing, It may be kept over winter in an aquarium. It will not grow vigorously 
during the winter, but a few plants held over will cover the surface of a small pool 
Within a few weeks during the summer. The blue-green alga Anabaena usually may 

* found in the intercellular air spaces of the scalelike leaves. 
reserving, Preserve in F.A.A. solution with copper sulfate. 
alvinia. Habitat. This floating fern (Fig. 12.32F) is tropical, but it is commonly 
Brown as an ornamental in pools and aquaria. : 

Collecting, Dealers in aquarium supplies and pond lilies usually can supply this 
e It may produce spores any time from June until October. . 
oft ulturing. Salvinia can be kept satisfactorily over winter in an aquarium. It 
e €n does not grow vigorously during the winter, but the longer days of spring and 

mmer quickly revive it. It is not hardy. 

reserving. Preserve in F.A.A. solution with copper sulfate. : 

arsilea (clover fern). Habitat. This interesting fern (Fig. 12.32D) grows in 
Shallow water of lakes and ponds. It may become very abundant in small ponds 
When introduced, 

ollecting. The leaves of Marsilea appear somewhat like a four-leafed clover. 

Occurs rather rarely as a native plant. However, where it has been introduced as a 
ee Plant it may occur abundantly. It is being used in lily pools and fish ponds. 
6 X hardy, living over from rhizomes and roots. The fruiting structures (sporocarps) 

9* superficially like seeds. These are borne on short stalks, often in pairs. It seems 
© fruit more abundantly in shallow water (2 to 4 in.). The sporocarps may, be 
Picked, dried, and stored the same as seeds. The spores inside will remain alive for 
everal years, Fruiting usually occurs in August and September. 
ee A clump of plants placed in mud in an aquarium or lily pool may grow 
E actorily. The pool may be drained in winter, yet the plants will live over if there 
eig Or so of mud. The leaves are likely to die in winter even if the plants are 

Pt at room temperature in an aquarium. 
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If dry sporocarps are cut or cracked and placed in a dish of water, a gelatinous 
mass often in the form of a ring is extruded on which are located the sporangia. The 
microspores and megaspores will germinate in a day or so. The sperms can be 
demonstrated and, occasionally, fertilization can be observed. If the tiny game- 
tophytes are kept in diffuse light and not allowed to dry out, young sporophytes will 


appear within 2 or 3 weeks. If these are transplanted to an aquarium they may 
mature. 


"> 
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Preserving. Complete plants may be pressed as herbarium specimens or preserved 
for demonstration purposes in F.A.A. and copper sulfate solution. 

Fern Gametophytes (prothallia). Habitat. Fern gametophytes (Fig. 22.11) may 
be found wherever fern sporophytes are common. Moist cliff surfaces are usually 
most favorable from the standpoint of ease in locating them. 

Collecting. Most of the gametophytes are roughly heart shaped, and large ones 
may be 1⁄4 in. across. The young sporophytes grow up through the sinus or notch. 

issecting needles or a small-bladed knife are useful in freeing them from the sub- 
Strate, They may be found throughout the growing season. 

Culturing. Cultures of living fern gametophytes are much more satisfactory than 
pa netophytes that are found in their natural habitat. To prepare these cultures, 
WE leaves with mature spores should be collected and placed in a shoe box and 
allowed to dry for 2 or 3 days. Cover to prevent entry of dust. Thoroughly clean 
A S-to d-in; clay flower pot and fill it with peat, sphagnum moss, pieces of news- 
pir paper toweling, moisten and pack tightly. Invert in a flower-pot saucer 
Bi with water. Set the pot and saucer on a piece of glass (small windowpane is 
ioa actory), invert a glass container such as a gallon battery jar over it (see Fig. 

33). If a battery jar is not available 2-in. pots may be used and a large tumbler, 
Wm or wide-mouthed fruit jar may be used to cover it. Shake the closed shoe box 
d the dry fern leaves to free the spores-and jar them to one corner. With a clean, 
Ed medicine dropper suck up some of the spores. Raise the battery jar enough to 
PE entrance of the medicine dropper and dust spores over the moist surface of 
will = pot. The beginner will likely do the dusting too thoroughly. The result 
will m crowded growth of gametophytes with poor development. Experience 
reduc zn this matter. Place the glass-covered culture in a cool situation and 
days y light such as that of a north window. Germination may occur within a few 
a out Musee may be found on young stages. The prothallia will mature in 
availab] a A0 weeks, Place water in the saucer frequently. If Knop's solution is 
Pim €, dilute about one-half and use this for watering purposes. It is impossible 
ern 1S method to prevent entrance of mold spores and bacteria along with the 

e he ck Offen the mold and bacterial growth will subside in a week or so and 
ince. ial not greatly injured. However, sometimes the whole culture is ruined. 
time ic s is a common difficulty, it is well to set up three or four cultures at a 
to ap € sure of a supply of gametophytes when needed. Sporophytes may begin 
Show "n a about 8 weeks. Older cultures up to 6 months or more are likely to 
Sporo; ae in abundance. When a root system is well developed on the young 

ES tes, they may be transplanted to moist soil. They should be kept in 

s mid atmosphere until well established. To secure sperms, remove the 

ace cover from the culture and allow the prothallia to wilt but not dry out. 

But cluster of the young wilted gametophytes in a drop of water on a slide. 

or LR are present, sperms likely will be found swimming about within 
n. 

eet method, which is regarded by some as superior, is to grow the prothallia 
eyerin d. Or Beyerinck's agar. Make a 2 per cent agar solution in Knop's or 
Wide-mo, 5 solution diluted one-half. Sterilize and place in sterile petri dishes, 
Sprinkle uthed bottles, test tubes, or Y-pt. mayonnaise jars. After the agar sets, 
P ug thes few spores over the moist surface, using a medicine dropper as above. 
can take i i a with cotton so that a diffusion of carbon dioxide and other gases 
Occur in ss ace into the containers. Keep in a cool, shaded place. Development will 

sisi the same time as for the pot method. ! i 
Tariu T method is to place sifted litter (duff) from a pine woods in a ter- 
Bametopp ten it thoroughly and sprinkle fern spores over the surface. Good 
Phytes can be obtained in 4 to 6 weeks. They often become much larger 
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than by the other methods mentioned. However, soil sticks to them and is rather 
difficult to remove. 

Preserving. Fern prothallia may be preserved very successfully in F.A.A. solution. 
If a green color is desired add a small amount of copper sulfate. Prothallia pre- 
Served in this way may be used to make permanent entire mounts for microscopic 
examination. 

Equisetum (horsetails). Habitat. The scouring rushes (Fig. 12.32G) or horsetails 
are usually found in moist habitats. However, field horsetail (E. arvense) is com- 
monly found also along railway embankments and roadsides in gravel or cinders. 

Collecting. The field horsetail (E. arvense) produces its fertile shoots in April. 
After these nongreen shoots appear aboveground the cones shed their spores within 
a few days. The vegetative (sterile) shoots make their appearance about the same 
time but do not reach their full development until May or June. Storage organs 
in the form of black tubers about Y% in. in diameter may be found often on 
rhizomes of this species. E. praeltum bears its cones on grcen shoots. Their best 
development usually occurs in June. However, a few good cones may be found any 
time in the year, if a careful search is made. 

Culturing. Cuttings of the vegetative shoots of the above two species will root 

, Teadily in wet sand. They will grow successfully in pots if kept wet or in a wet 
terrarium, 

For early stages of spore germination and gametophyte development fresh spores 
may be sown on a water surface. Complete development will occur on boiled | 
Sphagnum moss when placed in petri dishes, inoculated with fresh spores, kept moist 
and in the light of a north window. Several weeks is required for their development. 

Preserving. Plants may be pressed as herbarium specimens or preserved in F.A.A. 
solution with copper sulfate. 

Lycopodium (club mosses). Habitat. These primitive plants (Fig. 12.344, B, C) 
are inhabitants of deep, shaded ravines, moist cliffs, and bogs. They are commoner 
m mountainous regions in pine, hemlock, and spruce forests. 

Collecting, The shining club moss L. lucidulum produces its sporangia in leaf 
axils near the stem tips. Fruiting occurs from about midsummer until fall. 

emmae are also produced near stem tips during the same period. 'These break 
off easily and propagate rapidly. L. complanatum, L. obscurum, and L. clavatum 
usually produce cones in August and September. 

Culturing, This group is very difficult to culture under artificial conditions. If 
Success is to be attained, conditions closely approximating their native habitat must 

€ produced, However, the gemmae of Lycopodium lucidulum will germinate and 
grow to considerable size in a pot of soil taken from where the parent plants were 
Browing, if kept in a moist terrarium. ; 
di reserving, Specimens press easily for the herbarium. They preserve well for 
Issection and museum purposes in F.A.A. and copper sulfate solution. 

selaginella, Habitat. Only three species are recorded as native of our temperate 

regions. Most species are tropical in their distribution. S. apoda (Fig. 12.34F) and 
: Tupestris are occasionally found in the central states region, sometimes in con- 
derable abundance, and 5. apoda in moist shaded situations usually on soil under- 
i with sandstone. In West Virginia it may grow as a weed in lawns. S. rupestris 
n ten found in much drier situations and often in crevices of sandstone rocks and 
d dunes. It occurs abundantly in the sand dunes of northern Indiana. In most 
G SS the two or three tropical species used by florists are more readily available. 
E ottecting. The two native species mentioned above may be easily mistaken for 
Osses. S. apoda looks much like the moss Mnium. Their four-angled cones and 
e arrangement will readily distinguish them, however. S. apoda usually fruits 
€ early summer, while S. rupestris bears its cones in the late summer and fall, 


si 
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S. kraussiana, S. emmeliana, and S. lepidophylla (Fig. 12.34D, E) are three species 
often used commercially. The first two are sold as potted plants. S. lepidophylla is 
sold under the name of “Resurrection plant.” When the dried plants are placed in 


water they unroll and develop a bright-green color. It is native of western Texas 
and Arizona. 


Culturing. Our native species Selaginella apoda may be transplanted successfully 
to a moist terrarium containing soil mixed with peat. Plants started in August will 
begin to produce cones in November if kept at room temperature or a little lower. 
Both S. emmeliana and S. kraussiana root deeply in moist sand. These may be 
potted in rich garden soil. They will grow vigorously if kept in reduced light and 
in a moist atmosphere. After the plants are well established, they may bear cones 
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throughout the year. They may begin to produce cones from cuttings within 8 to 10 
weeks. Sporelings of S. kraussiana often may be collected from soil about the 
mature plant. 

3 Preserving. Plants may be pressed or preserved in F.A.A. and copper sulfate solu- 
tion. 


Spermatophytes (Seed Plants) 


Because of the vast number of seed plants available in any community, many of 
which are commonly known cultivated varieties, we will depart with a few 
exceptions from the foregoing scheme of discussion. Vegetative parts may be 
pressed or preserved in F.A.A. solution with a small quantity of copper sulfate 
added to retain a green color in the leaves. Fleshy fruits must be kept in preserva- 
tive, while dry types may be stored in the dry condition. Suggestions for cone, fruit, 
seed, flower, leaf, stem, and root types will be made from commonly known and 
widely distributed plants wherever possible. The lists cannot be comprehensive, 
but are sufficient to meet the needs of most laboratories. 


Gymnosperms (Conifers) 


Pinus. The various species of pine (Fig. 12.354, B, C, D) are usually selected 
as a common representative of this group. They are widely distributed and are 
found native and as ornamentals. The male cones mature and shed pollen about 
May 15. This varies with weather conditions and the region. The various develop- 
mental stages may be secured easily by collecting the male cones at earlier periods 
in the spring. Young female cones may be found on the same trees at the same 
time. The male cones last for about 2 weeks, then drop. It takes approximately 
30 months for the female cones to mature to time of shedding seeds. Fertilization 
occurs in the female cones of Austrian pine when they are about 13 months old, 
or about June 1. 

Stem and root material of the white pine (Pinus strobus) section well and show 
all the essential structures. Leaves of the Austrian pine are desirable for sectioning 
for structural studies. Seedling stages of pines may be obtained by planting seeds. 
However, trouble is experienced often with “damping-off” diseases. An aid in 
Preventing this difficulty is to carry on the germination in a box or pot filled with 
silted pine duff (decayed litter from pine wood) placed in a dry and well-lighted 
Situation. If a native stand of pine is available, the seedling stages may be obtained 
easily in clearings during the summer. 

Picea (spruce) (Fig. 12.35), Tsuga (hemlock), Abies (fir), Taxodium (cypress), 

huja (arborvitae), Larix (tamarack or larch), Juniper (juniper berry or red 
cedar), and Taxus (yew) may be used also for life history studies. All these pro- 
duce their male cones about the same time as the pine, excepting arborvitae, 
Juniper, and yew. The male cones of these three species mature during the late 
summer and fall, but the pollen is not shed until early spring. Female cones of all 
Mature in the autumn of the first year. The juniper and yew are dioecious (sexes 
Separated on different plants). The female cones of juniper are small, blue, fleshy, 
One-seeded berrylike structures. Yew female cones, when mature, are scarlet, fleshy, 
one-seeded structures with a hole in the lower end. 

Ginkgo (maidenhair tree) (Fig. 12.350) is occasionally planted as an orna- 
mental shade tree. It has peculiar fan-shaped leaves. Staminate clusters are pro- 
ced just as the leaves are unfolding. They last for about 10 days. Ovules may be 
ound on separate trees at the same time but remain in good condition for early 
stage studies until after the leaves are fully developed. The fleshy seeds—often 
mistaken for fruits—mature in September. They are about the size and appearance 
of a small greengage plum. 


* 
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Zamia. This primitive group of gymnosperms is native to the tropics and sub- 
tropics. Two species are found rather abundantly in Florida. They grow successfully 
as potted plants just as ferns, except that they can withstand more drought and 
direct sunlight. Plants from the wild can be readily transplanted. However, they 
usually lose their leaves. It may take a year or more to get them started growing. 
After they are established as pot plants they will usually produce cones. 'The plants 
are dioecious. Nurseries in Florida often can supply them. 


Angiosperms (Higher Seed Plants) 


Classification systems dealing with seed plants are based on characteristics of 
leaves, buds, stems, roots, inflorescences, flowers, fruits, and seeds. The great variety 
of these organs has made an claborate set of descriptive terms necessary. A collec- 
tion of such organs carefully prepared to illustrate the various types is useful in 
enabling students to become acquainted with unfamiliar descriptive terms and aid 
them in making more accurate decisions. Leaves, inflorescences, and flowers may 
be Pressed satisfactorily and displayed in mounts. Buds, stems, roots, and fleshy 
fruits are best preserved. Formalin-acetic acid-alcohol is an excellent preservative. 

here it is desirable to retain green color add some copper sulfate. Many buds, 
Stems, and roots may be dried: and mounted if desired. However, if they are first 
Preserved in F.A.A. solution containing 20 per cent glycerin for about 10 days, 
then rinsed in water and dried, they will not shrivel so badly. Dry fruits and seeds 
may be displayed in botanical mounts or in glass containers. From these same 
types of organs or groups of such organs, material is selected for morphological 
and Physiological studies. The following list of types is given along with names of 
an example or examples and the general habitat in which they may be found. Effort 
has been made to select for these types, as far as possible, plants which are common 
and have a wide distribution. 


SIMPLE LEAVES 


Description PLANT NAME HABITAT 
Cordate Cercis (redbud) Limestone regions along 
streams, often cultivated 

Futeatà Portulaca retusa As a weed in waste places 

eltoid Populus deltoides (cotton- Along streams, often culti- 
L wood) vated 

anceolate Plantago lanceolata (Eng- Lawns 
Line lish plantain) k 

ar Phleum (timothy) Cultivated and often a weed 

L along roadsides 

yrate Barbarea (yellow spring Common spring weed in 
o cress) waste places 

blanceolate Antennaria (pussytoe) Dry soil 

blong Apocynum cannabinum Moist soil 
Oi (Indian hemp) 

2ovate Evonymus obovatus (trail- Low shrub, in beech-maple 
Orb; ing strawberry bush ) woods 

rbicular Pyrola americana (shin- Moist, shaded, acid soil 
o leaf) 

vate Fagus (beech) Common forest tree in central 


P states region 
almately three cleft Ambrosia trifida (giant Common weed along streams 
ragweed) and bottom lands 
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DESCRIPTION 


Palmately three lobed 


Palmately three 
parted 
Pinnately divided 
Pinnately lobed 
Reniform 


Runcinate 


Spatulate 


Crenate 
Dentate 


Double serrate 
Entire 
Incised 


Pinnately lobed 
Palmately lobed 
Serrate 
Sinuate 


Undulate (repand) 


Acute base 
Acute tip 


Acuminate base 
Acuminate tip 
Aristate 
Auriculate 
Bristle pointed 
Cordate 


Cuspidate 


Cuspidate 


SOURCES, PREPARATION, AND USES OF 


PLANT NAME 


Sassafras 
Dentaria (toothwort) 


Lycopersicon (tomato) 
Quercus alba (white oak) 


Asarum (wild ginger) 
Taraxacum (dandelion) 


Mollugo (carpetweed) 


Leaf Margins 
Nepeta (catnip) 


Eupatorium (white snake- 
root) 

Ulmus (elm) 

Plantago (plantain) 

Acer saccharinum (silver 
maple) 

Quercus alba (white oak) 


Acer saccharum 
maple) 

Prunus (wild black 
cherry) 

Rumex crispus (curled or 
narrow dock) 

Amaranthus (pigweed) 


(sugar 


Leaf Tips and Bases 


Apocynum (Indian hemp) 
Aster (New England 
aster) 


Amaranthus (pigweed) 


Syringa (lilac) 
Agave (century plant) 
Aster — (New England 
aster) 
Quercus imbricaria 
(shingle oak) 
Cercis (redbud) 
Asclepias Syrica 
mon milkweed) 
Smilax herbacea 
flower) 


(com- 


(carrion 


MATERIALS 
HABITAT 


Common in woods on poor, 
acid soil 
Moist woods 


Cultivated . i 

Common forest tree in centra 
states , 

Native of shaded, moist 
ravines 


Common weed in lawns and 
fields 
Common 
places 


weed in waste 


Common weed about old 
dwellings 
Moist woods 


i d 
Moist woods and cultivate! 
Common weed in lent, 
Cultivated and native o 
swamp forests i 
i a 
Common forest trce in centr 
states region É 
Common tree of beech-map' 
forests d 
3 " s 
Common tree in moist woo» 
along line fences, etc. 
Common weed in waste 
places A 
Common weed of garde 
and fields 


Moist soil d 

Roadsides and abandone 
areas 

Common weed of gardens 
and fields 

Cultivated 

Cultivated 

Roadsides and abandoned 
areas ' 

Dry to moist situations 


jme- 

Usually near streams on l 
stone soil 

Waste places 


Waste places 


DESCRIPTION 


Emarginate 
Hastate 
Mucronate 
Oblique base 
Obtuse (tip) 
Rounded base 
Sagittate 


Truncate tip 
Truncate base 


Clasping 
Connate 
Margined petiole 


Perfoliate 
Sessile 


Dichotomously 
veined 


Palmately veined 


Parallel veined 
innately veined 


Alternate 


Opposite 
Whorled 


Even pinnate 
d pinnate 


Palmate 
ernately 
decompound 
Wice pinnate 
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PLANT NAME 


Oxalis (wood sorrel, leaf- 


lets) 

Rumex acetosella (sheep 
sorrel) 

Nemopanthus (mountain 
holly) 


Ulmus (elm) 


Evonymus obvatus (trail- 
ing strawberry shrub) 
Asclepias syrica (common 

milkweed) 
Sagittaria (arrowhead) 
Liriodendron (tulip tree) 
Platanus (sycamore) 


Leaf Attachment 


Aster (New England 
aster) 
Eupatorium (boneset) 


Lactuca virosa (wild let- 
tuce) 

Uvularia (bellwort) 

Zinnia 


Venation Types 


Ginkgo (maidenhair tree, 
a gymnosperm ) 
Acer (maple) 


Phleum (timothy) 
Ulmus (elm) 


Arrangement of Leaves 


Ulmus (elm) 
Acer (maple) 


Catalpa 


HABITAT 


Weed in gardens and fields 
Weed on acid soils 
Swamps 


Tree of moist woods, and cul- 
tivated 

Low shrub of beech-maple 
woods 

Weed common in fields 


Stream banks 
Tree of moist woods 
Stream banks 


Roadsides and abandoned 
fields 
Wet soil 


Weed common in fields 


Moist, shaded ravines 
Cultivated 


Cultivated 


Cultivated or native of moist 
woods 

Cultivated 

Cultivated or native of moist 
woods 


Cultivated or native of moist 
woods 

Cultivated or native of moist 
woods 

Cultivated 


COMPOUND LEAVES 


Gleditsia (honey locust) 
Robinia (black locust) 


Aesculus (buckeye) 
Aquilegia (columbine) 


Gleditsia (honey locust) 


Rich, moist woods 

Cultivated and native in 
varied habitats 

Flood plains 

Cultivated and native as 
crevice plant 

Rich, moist woods 
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CATIONS OF l 
BLADE, PETIOLE, AND STIPULE MODIFI | 
SIMPLE AND COMPOUND LEAVES 


z e 
Leaf with blade, petiole, and large stipules, Chaenomeles (Cydonia, Japanes 
i uince). , : a). 
Mud laf n stipules and terminal leaflets as tendrils, Pisum (garden pea) 
Simple leaf with stipules as tendrils, Smilax (green brier). A | 
Petiole and rachis of compound leaf acting as a dum Clematis. 
Stipules acting as bud scales, Liriodendron (tulip tree). eae 
Stipules oae close, membranous sheaths (ocrea), Fagopyrum (buckwhea ) 
Stipules modified as spines, Robinia (black locust). 
af spines on some shoots, Berberis vulgaris ( 1 
Phyllode development of petioles, some species of Acacia. 
Leaves pitcherlike, insectiverous, Sarracenia (pitcher plant). 
Leaf very glandular, insectiverous, Drosera (sundew). 
Bladderlike leaves, insectiverous, Utricularia (bladderwort). 


common barberry). 


STEM TYPES 


g the origin of grain in he. 
any locality always attracts attention. al 
ameter smoothed off to bring out an 
ction. Dates of important historical eve iy 
€ trec from which the log came may 


be 
ch a cut sapwood and heartwood can 
detected easily, 


Woody, dicotyledonous vine (liana). Menispermum (moonseed). 1 
Herbaceous, monocotyledonous. Zea (corn) and other grasses, Lilium (lily). 
Herbaceous, dicotyledonous. 


d sweet 
Helianthus (sunflower), Coleus, Melilotus (swe 
clover), Pelargonium (geranium), etc. 


hizome, monocotyledonous, Tris, 
Rhizome, dicotyledonous, Menis, 
Asclepias (milkweed) 
Phylloclade (leaflike ste 
Tubers. Solanum ( 


(cinnamon vine). 


B n Jg ia 
Bulbs, Allium (onion), Lilium (lily), Tulipa (tulips), and Hyacinthus and Camass! 
(hyacinth) Wild and cultivated. 
orms. Arisaema (jack-in-the-pulpit), Gladiolus, Claytonia (spring beauty). 
Stolons. Fragaria (strawberry), 


Acorus (calamus), Poa (Kentucky bluegrass) 


permum. (moonseed), Sambucus (elderberry): 
» Cirsium (Canada thistle) 


m). Asparagus. 
potato), Dahlia, Helianthus ( 


: ioscorea 
Jerusalem artichoke), Diosc 


BUD TYPES AND CERTAIN STEM CHARACTERS 


Terminal, large and with numerous scales, alternate laterals. Hickoria (hickory): 

Terminal, large and with numerous scales, Opposite laterals, solid cylindrical P 
Aesculus (buckeye) or (horse chestnut), ji 

Terminal, large and with 


osed 
b ternate laterals and accessory or supetP 


‘ few scales, al 
uds, chambered pith. J walnut, butternut). 


uglans (black 
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Terminal bud abscised, prominent axillary, alternate laterals. Ulmus (elm), Tilia 
(basswood). ° 

Buds clustered at stem tip, pith solid and star shaped. Quercus (oak). 

Buds stalked. Alnus (alder). 

Buds with single bud scale. Salix (willow). 

Terminal bud covered with stipule. Philodendron, Ficus (fig), Liriodendron (tulip 
tree), and Magnolia. 

Naked buds. Helianthus (sunflower), Coleus, Bryophyllum, Hedera (English ivy), 
Ipomoea (sweet potato). 

Adventitious buds. Bryophyllum leaf, Taraxacum (dandelion) root. Each of these 
should be placed in moist sand for 3 or 4 weeks to bring about their development. 

Fruit spurs, flower buds, and scars left by fruit abscission. Pyrus (apple, pear). 

Mixed buds (buds which contain both leaves and flowers). Obtained best in spring 
as the buds are opening, Aesculus (buckeye), Hickoria (hickory). j 

Flower buds (buds which contain only flower parts). Obtained best in spring as 
buds are opening. Ulmus (elm), Acer (silver maple). 

Leaf buds (buds which contain only leaves). Obtained best when buds open in the 
spring. Ulmus (elm), Fagus (beech). 

Buds to demonstrate transition from bud scales to true leaves. Should be collected 
in spring as buds are opening. Acer negundo (box elder). 


ROOT TYPES 


Fleshy taproot. Taraxacum (dandelion). 

Fibrous roots. Helianthus (sunflower), Zea (corn), etc. A. 

Aerial roots, Parthenocissus (Virginia creeper), Hedera (English ivy). 5 
dventitious roots. Tulipa (tulip), Allium (onion), Hyacinthus (hyacinth). Ob- 
tained after the bulbs have been in moist sand for about 10 days, also roots on 


stem cuttings. 


FLOWER TYPES 


Hypogynous. Lilium (lily), Tulipa (tulip), Yucca, etc. 
erigynous, Pyrus (apple, pear). 
Pigynous. Oenothera (evening primrose). 


FLOWER FORMS 


Actinomorphic (regular). Tulipa (tulip), Yucca, Lili 
¥8omorphic (irregular), Tropaeolum (nasturtium) 
pea), etc, 


um (lily), etc. 
, Delphinium, Lathyrus (sweet 


COROLLA FORMS 


Chlor: i y 
Sy ribetalous ‘(separate petals). Tulipa (tulip), Lilium ( 
Petalous (petals united), Ipomoea (morning glory), 


lily), Yucca, ete. 
Convolvulus (bindweed). 


INFLORESCENCE TYPES 


Cati 
Corymi nur (alder), Populus (cottonwood), Salix (willow), etc: 


i ing Bet). 
Oyathium Feus (apple, pear), Crataegus (hawthorn), Saponana (bouncing ) 
- Euphorbia (snow-on-the-mountain, poinsettia). 


SES OF MATERIALS 
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Cyme. Ptelea (hop tree), Tilia (linden). 


i lanthus (but- 
Head. Helianthus (sunflower), Taraxacum (dandelion), Aster, Cephalan 
* tonbush), etc. 


Is, Catalpa. 
i Kentucky bluegrass), Zea (corn) tassels, a ; 
pue nk locust), aie Prunus | ohne en 
à i mi f à 
itary, axillary. Convolvulus (bindweed), Ipomoea (m f 
dd ferina Erythronium (dogtooth violet), Trillium, etc. mw 
Umbel. Daucus (wild carrot), Zizia (early meadow parsnip), Pa: 
parsnip). 


TYPES OF SEXUAL EXPRESSION 


"n i Yucca, 
Bisporangiate (both stamens and carpels in same flower). Lilium (lily), 
Tulipa (tulip), Pyrus (apple). 
Monoecious (staminate flowers and car i 
Begonia, Cucurbita (cucumber). s). Salix 
Decus (staminate flowers and carpellate flowers on FORD gos (jack- 
(willow), Morus (mulberry), Fraxinus (ash), Acer (box be dn es 
in-the-pulpit), Cannabis (hemp), Humulus (Japanese hop), Asparagus. 


corn); 
pellate flowers on same plant). Zea ( 


FRUIT TYPES 


Simple Fruit 
Achene. Helianthus (sunflower), Fagopyrum (buckwheat). 
Berry. Vitis (grape), Ribes (gooseberry), Lycopersicon (tomato), etc. 
Capsule. Yucca, Iris, Tulipa 


(tulip), Papaver (poppy). 
Caryopsis. Triticum (wheat), Zea ( 


Drupe. Prunus (cherry, plum, peach), Olea (olive). 
Key. Fraxinus (ash), Ulmus (elm), Ptelea (hop tree). 


uercus 
Nut. Juglans (walnut), Hickoria (hickory nut), Castanea (chestnut), Q 
(oak), Cocos (coconut), etc. 


Pepo (form of berry). Cucurbita ( 


corn). 


cucumber, squash, gourd, pumpkin). 

Pod. Phaseolus (bean), Gleditsia (honey locust), Robinia (black locust). 

Pome. Pyrus (apple, pear), Cydonia (quince). 

Samara. Acer (maple). 

Aggregate fruits. Rubus (blackberr 
nolia, Fragaria (strawberry), etc. 


n Mas- 
Y, raspberry), Liriodendron (tulip tree), 
Multiple fruits. Morus (mulberry) 


: le): 
» Maclura (Osage orange), Ananas (pineapP 


PARASITIC SEED PLANTS 
Leptamnium (Epifagus, 
the distribution of beech 


" follows 
Habitat. This plant (Fig. 12.36B) 
apparently on no other spe 


urs 
à d occ 

t is parasitic upon beech roots rosie the 
cies. It is often abundant in moist woods du: 


ments to small beech roots ma 
Preserving, These, like sey, 
Servative, This may be prev 


y be found. 


n pre- 

m p! 
eral other parasitic seed plants, often daer ervative 
ented by first treating the specimens in a pre 


COLLECTING, CULTURING, AND PRESERVING 241 


Such as formalin-acetic acid-alcohol containin i 
g 30 per cent sodium hypochlori 

Eur ed Pup as Clorox, Dag, Chlorite, Oxol, etc.). ARS cr i 
pressed d hee to regular F.A.A. solution. Plants also may be 
Enim Hd toadflax). Habitat. This species usually occurs on dry soil, 
oes. Tt 3 bie a amon blueberries and other heath plants, and also in alkaline 
plants: n to be at least partially parasitic upon over 50 different species of 
NU Pini may be found in flower in May and June. Plants range in 
be ae Ed 15 in. There are numerous light green leaves, and the plant may 
found HET he plant has an underground rhizome with roots which may be 
GE ES ime on the host roots. Usually there is quite an enlargement at the point 

IB SU. e ants showing this attachment should be collected. 
herbarium Es the plants wilt very quickly after removal from the host. If dry 
GER plane “premens are to be prepared, they should be placed between blotters 
be kept Mw immediately for best results. If they are to be preserved they should 
With cmn and placed in the preservative as soon as possible. F.A.A. solution 

Dune sulfate is recommended. 

estructive e ramosa (broomrape). Habitat. This very interesting and sometimes 
Gerowe D is occasionally found in southern Ohio, Kentucky, and Illinois. 

ollecn, aaa on giant ragweed, hemp, tobacco, and tomato. 
stem ig Sian roomrape is straw colored, the flowers yellow or light blue, and the 
Parasitized M, branched. The above-named host plants become yellowish when 

DU a plants may be found in July and August. 

Corallorh; .A.A, solution is recommended. 
northeastern U (coral root). Habitat. Five species (Fig. 12.36E) are found in 
and DE Er nited States and Canada. They occur in woods on acid soils. Pine 

Collectin Orests are favorable places for this form. — 
out chlor g. Flowering occurs from midsummer un 

ophyll, and range in height from 3 to 12 in. The rhizomes are corallike 

larly fine for demonstrating internal 


T€, 7 

ETATE solution is recommended. 

tribution in ee Habitat. The several species (Fig. 12.36C) have a wide dis- 
ome oth the United States. One species is particularly destructive to red clover. 

ete, bi willow, Dianthera, cocklebur, 


estigial leaves are small, scalelike 


stages and in the unripened fruits. The v 
herever they touch. Flowering of 


e d de may penetrate the host plant w 
reservin soe from midsummer until frost. 
ones AA. solution is recommended. ] 

Woods thr, Pa (Indian pipe). Habitat. This species 
ollect Oughout North America. 

e PE Indian pipe is one of the most conspicuous parasitic seed plants 

White tae of pigmentation in the fresh condition, usually appearing per- 

Teservin, is dependent upon fungal mycelia for its food supply. 

whi ng. When placed in common preservatives, the plants change from a 


Ite t - 
formali Purplish-black color. To prevent this they may be placed first in 
sold for j.. g acid-alcohol solution containing 30 per cent sodium hypochlorite 
Dag, Chlorite, Oxol, etc.) for 


about 94 peony purposes under name of Clorox, 
then transferred to straight F.A.A. solution. 


(Fig. 12.364) is found in moist 


e 
fectly 
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Phoradendron (mistletoe). Habitat. This plant is the most widely «s 
the partially parasitic seed plants. It may be found on several "ies BE he 
including elm, hickory, and ash. It often grows on branches um ins 
ground. It ranges from New Jersey southward along the coast from the ii 
southward and westward to Missouri. Usually it is limited to moist situations. "m. 

Collecting. This plant has numerous green leaves and has branched E i. 
often form clumps which can be recognized in tree tops at a distance of 100 n 
or more when the tree leaves are off. Specimens should show connection wit 
host. . 

Preserving. Small branches with flowers or fruits may be preserved in F.A.A- 


: ; aT a imen 
solution. A small amount of copper sulfate in the solution will give the speci 
a green color. 


Fic. 12.36 Types of 


fud . C, dodder 
> squawroot; E, cora] root, A, Indian pipe; B, beech drops; C; 


parasitic seed plants: 
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Conopholis (squawroot). Habitat. This species (Fig. 12.36D) is distributed from 
Maine to Florida. It is found usually under oaks. 

Collecting. The plant is yellowish brown in color, 4 to 6 in. in height, and the 
stem is about 34 in. in diameter. 

Preserving. F.A.A. solution is recommended. 


Plants Suitable for Aquaria 


Anacharis, Philotria (Elodea). Habitat. This common aquarium plant is occa- 
sionally found in ponds and lakes and sluggish streams. 

Collecting. This plant grows as a submerged aquatic which roots in mud in 

shallow water. The leaves are sessile and occur in whorls or opposite on the stem. 
It dries out very rapidly when removed from water. If one expects to bring it in 
alive it should be placed in a closed container or wrapped in moist paper. It is 
widely used by aquarium dealers who sometimes sell it as “water moss." In regions 
where the plant is not found as a native, one may resort to dealers as a source 
of supply. The dealers usually supply a giant species. The native species is about 
One-third as large. The smaller species is best for protoplasmic streaming. 
: Culturing. Place pieces of Elodea stem—roots are not necessary—in an aquarium 
in a well-lighted situation. It does best when the aquarium contains a layer of mud 
or sand in the bottom. If conditions are right roots will develop within a weck or 
10 days. It is very casily grown. It is an excellent oxygenator for aquaria and useful 
about a laboratory in numerous other ways. 

Vallisneria (eel grass). Habitat. This is widely distributed but often rare locally. 
It may be found in shallow lakes, ponds, and sluggish streams. 

Collecting. The plant has long linear leaves and grows as a submerged aquatic. 

t propagates rapidly from runners. The entire plant should be collected, trans- 
Ported in water, or wrapped in moist paper to prevent drying out, and placed in an 
aquarium or pool where it is to be grown. It is often sold by aquarium dealers. 

Culturing. The aquarium or pool in which it is to be grown must contain a layer 
of sand or mud, The roots should be buried in the substrate. A partially shaded 
Situation is preferred for its best growth. However, it is one of the best aquatics for 
Withstanding extremely reduced light. Two or three plants will soon densely popu- 
late an ordinary aquarium if good conditions are provided. This plant is an excel- 
lent oxygenator for aquaria. 

Sagittaria sinensis. Habitat. This is a southern plant, found occasionally in 
Florida in ponds and slow streams. 

Collecting. This plant looks very much like eel grass but usually is somewhat 
larger. Aquarium dealers often can supply it. 

Culturing, Same as for eel grass. It is a good oxygenator. 

Cabomba. Habitat. Chiefly a southern plant found in great abundance in Florida 
on Texas. However, it has become established in some ponds and streams in 

lo. 

Collecting. The leaves are highly dissected and occur opposite or whorled on the 
Stems. It is a submerged aquatic. Aquarium dealers can supply it. 

Culturing. Same as for Elodea or eel grass. 

Myriophyllum (water milfoil). Habitat. The genus Myriophyllum is made up of 
Dumerous species which are widely distributed. It occurs in ponds, lakes, and slow 
Streams, 

: Collecting. Most species of Myriophyllum are submerged aquatics. In some the 
tips come to the surface of the water and float, and in some species become 
emersed spikes, Submerged leaves are finely divided and occur opposite or whorled 
on the stems. These plants must be transplanted in a very moist condition. It is 
often available at aquarium supply stores. 
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Culturing. Same as for eel grass. x : 
Cero lum (hornwort). Habitat. The hornwort is common in slow streams, 
nds, and shallow lakes. ] . À ih 
MES This plant occurs as a submerged aquatic and sometimes ao 
quantities that rowboats cannot penetrate the masses readily. It looks be 
like Myriophyllum, but the leaves are very stiff and have a roughened Sur ac oe. 
Culturing. Same as for eel grass. It cannot be eaten by the ordinary aqu 
fish species and is a fair oxygenator. 4 : is 
Ludwigia (false loosestrife, water purslane). Habitat. L. palustris and E giar A 
losa are probably the most commonly used forms in aquaria. The genus occ 
ditches or mud flats. T E m 
Collecting. If light is bright enough the leaves develop a reddish tinge. Use 


5 3 : i ied by 
same precautions in collecting and transporting as for eel grass. It is suppl 
aquarium dealers. 


Culturing. Same as for eel grass. * T 
Lemna aad Spriodela (duck need), Habitat. The duckweeds are wil 
tributed. They may be found in almost any pond and along the margins o ME. 
Collecting. These plants are floating forms with roots dangling into the T 
The flat fronds (“leaves”) are lobed and often not more than Y$ in. across. 
live over drought periods on mud. 


: not 
Culturing, They will grow and propagate rapidly in most aquaria. They are 
of much value as oxygenators, 


Wolffia. Habitat, T. 
widely distributed. T 
Collecting. The 
of a pinhead. It occ 
Culturing. It wi 
exhibited in the la 


is 
his plant, the smallest and simplest of all seed plants, 
t occurs in ponds and lakes, 


plant is globular in shape, rootless, leafless, and about the size 
urs as a floater or may be submerged. is often 
ll grow successfully in any well-lighted aquarium. It is 
boratory because of its unique characteristics. 


Preparation of Herbarium Specimens 


4 so gore 
Value of a Herbarium, A collection of dried and preserved plants has an imp‘ 
tant role i 


of flowers, flower > ti day during which the flowers open (only 
few species), durati e 
Oxalis), sensitive stamens, stigm ging properties of hairs as 507 
of the nettles, poisonous Properties, etc, de 
A herbarium is of very Sreat value for comparison when attempt is being ko 
to identify a given s identification has been made a specim 
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becomes valuable for future consultation. The dried specimens may be allowed to 
accumulate and later sent to specialists for verification. Often it is not feasible to 
do this with living material. If a student is concerned with the flora of a certain 
region, there is no substitute for a herbarium collection as a record. The older these 
collections, the more valuable they become. This is becoming increasingly true with 
the disappearance of our virgin vegetation. Any student of native plants can cite 
numerous instances of extinction of species. Local people often ask a teacher to 
identify plants for them. This is an important service to a community which should 
not be overlooked or shunned. Such contributions will gain friends for the teacher 
and his school, which is something to consider. The herbarium will be of great aid 
in such instances. “ 

To the layman accustomed to looking at the external beauty of plants, at the 
commercial value, yield of fruits and seeds, etc., a dried dead specimen may appear 
worthless. However, the specialists can readily glean the diagnostic characters from 
such remains. Some common criticisms of herbaria are that “the dried plants are 
uninteresting to look at,” “they look different from the living specimens,” "they do 
not have a neat appearance, too often looking like so much hay.” All these objec- 
tions cannot be fully removed, but much can be done to the average collection to 
reduce these comments to a minimum. 

Methods, Materials, and Apparatus. Materials and apparatus required for prepar- 
ing good herbarium specimens need not be expensive. A heavy knife of some kind is 
necessary for excavating specimens, cutting off branches, thorns, etc. A corn knife, 
Such as used by farmers for harvesting corn fodder, has been highly recommended. 
This, however, increases the collector's burden and may present a belligerent ap- 
pearance to some landowners. It is an ideal instrument for aiding the collector 
through briar patches and jungle vegetation, digging, and cutting. Many botanists 
use a specially made tin can called a "vasculum" for carrying freshly collected 
Specimens from the field. This prevents excessive wilting during short periods. It has 
the disadvantage ‘that the specimens become tangled, the leaves and inflorescences 
may be bent in unnatural positions, and flowers often close or abscise. For these 
Teasons it is better to take a plant press directly into the field and to place the 
Specimens in it as they are collected. This is more burdensome than a vasculum 
and takes more time from field work, so is too often neglected. Presses of various 
types may be obtained from botanical supply companies or may be inexpensively 
made by nailing a few slats together, forming a latticework. The press consists of 
two of these lattice pieces, each having the dimension of 12 by 18 in. Twelve 
pieces 14 by 1 by 12 in. and ten pieces 4 by 1 by 18 in. are needed for the two press 

alves. Two boards of approximately the slat-press dimensions may be substituted. 
As soon after collection as possible place the plant specimen between the halves 
of a folded newspaper. Along with it should be placed data concerning the plant. 
he newspaper folder is then inserted between the blotter driers (11% by 16% in.). 
€ most satisfactory ones are specially made and sold by botanical supply com- 
Panies, Ordinary blotters as used for office and study tables are usually too thin. 

Orrugated cardboard ventilators of same size as blotters (11% by 16% in.) are 
used advantageously above and below the two driers. Pieces of corrugated card- 
board cut from packing boxes may be substituted if new material is not available. 
Other specimens similarly prepared may be stacked on top of the first, the sequence 

eing drier, newspaper specimen folder, drier, ventilator, drier, etc. A stack of 
specimens 2 to 3 ft. in height may be satisfactorily cared for in this way. If blotters 
are not available extra newspapers may be substituted more or less successfully. 
Some professional collectors use corrugated aluminum sheets as ventilators instead 
of the cardboard. Sheets of aluminum 29 by 64 cm. and 0.15 mm. thick are about 
the right size. These are corrugated by grooves 4 mm. deep and 13 mm. wide across 
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: s rier, 
the sheets. The finished sheet is then about the size of an ee ee ae 
These are excellent but much more expensive than the [gc we a ihe odama 
of the better collectors use a layer of absorbent cotton on cach side and tend to 
folder next to the blotters. These layers aid in the desiccation Sees reparcdaas 
prevent crushing of the more delicate parts. After the ee a P 
above they are placed in a press and pressure is applied whi e dryi SA ia hed 
The simplest method of applying pressure to a press is by ie k filled with 
weight such as a large stone, box of small stones, or heavy clot e hava m 
sand or gravel. Any one of these is laid on top of the spee men p idi heet 
upper half of the lattice or board press. Many collectors prefer t is, " c arcus 
constant pressure applied as the drying process occurs, The disadv an resto 
follows: the weights are difficult for some to handle; if a large pile = to ckionnd 
the weight is difficult to keep in place, may slip and cause the stac! e beseni 
fall; if some specimens have large irregular parts, the pressure may no ed ONA 
applied; these weights are impossible to use if artificial drying prar enp fior the 
prefer to strap the press together. The straps are placed a few inches ee tohe 
ends and around the press. By pulling the straps, tight pressure is ia x Tooke 
pile of specimens. After the drying proceeds for a time the straps will bec "M 
because of loss of moisture from the plants. These should be tightened a h 
take up the extra space between the driers, Care should be taken not to pit sore 
Pressure after the plants are thoroughly dried; otherwise much breakage o to aTi, 
delicate parts will likely occur. The strap press is the most satisfactory form 
into the field. ! 3 e to be 
A clamp press is Very convenient when large numbers of specimens es other 
taken and dried at a single time. The same slat press is used as in t BE be 
methods. Pressure is easily applied by means of the tail or crank nuts. Lei et 
obtained at hardware stores dealing in farmers’ supplies. They are common di 
on endgate rods of truck beds, There is some danger of applying too much Pa m 
causing crushing of specimens, Apply just enough pressure to hold the pile o 


may 
mens solidly together. A little experience will teach onc how much pressure 
be applied without danger. 


The drying process may be allowed to t 
tures. The driers between the specimens 
for dry ones) every day or so for at le 


if the specimens are succulent or the at 
ing task is ne, 


- ras 
ake place at ordinary prevailing oe 

must be changed (moist blotters exc! er 

ast the first week and over-a longer P reap 
mosphere is moist. Too often this Pp á 
he specimens mold. Probably 90 per c ape 
re lost in this way. When the blotters, P 


vas is 4 
Ty structure than a framework support and eth 
rectangular flue box made of galvanized iron sheets, with dimensions © may 
16 by 30 by 36 in. This arrangement reduces the fire hazard. The metal sheets 
be fastened 


by stove bolts to four 3 
for the source of heat. Th 
y for traveling. A 5%-in, 


the bottom 
it compactl 
edges of th 
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open wood fire is not very satisfactory since it is difficult to regulate the heat. A 
still better arrangement for the laboratory or home is a gas hot plate. If gas is not 
available, electric heaters of various styles may be used. These have an advantage 
over all others in that there is less danger of fire. An electric heater of the concave 
reflector type, hot plate, or toaster may be used. A special electric heater may be 
made easily from two heater cones such as are used in the above concave reflector 
heaters, These can be obtained from electric supply stores for about 50 cents each. 
Two ordinary wall or ceiling light sockets are attached to an asbestos-covered board. 
The heater cones are inserted just as light bulbs are. Heater cones may be replaced 
with 100- to 150-watt light bulbs if desired. If bulbs are used, four to six rnay be 
necessary, hooked up in series to give sufficient heat for rapid drying. A heating 
unit made of onc or two infrared heat-lamp bulbs makes an even better heat source. 
The light bulb and infrared heat-lamp units are the most fireproof of all artificial 
heat sources, However, fires have been caused by them. 

When an artificial-heat source is used in drying, no change of blotters is necessary 
and the specimens may be thoroughly dried in 8 to 20 hr., depending upon the type 
of specimen and the amount of heat available. With a gas hot plate thorough drying 
may be obtained in 8 to 10 hr. for the average specimen. Care should be taken not 
to use too high temperatures, as discoloring of specimens and scorching of driers 
May occur. In all cases where heaters arc used, pressure should not be removed 
Permanently from the pack until it has cooled down to air temperature. If the hot 
Specimens are exposed to cool air, they will absorb sufficient moisture in a short 
time from the atmosphere to cause them to curl. If left in the press and allowed 
to cool under pressure, the moisture is absorbed evenly and no curling occurs. Much 

etter color is retained in specimens dried rapidly than by the slow method of 
ordinary air temperature. - : 

In instances where but a few specimens are collected and must be dried hurriedly, 
?n electric flatiron (such as used for laundry purposes) may be used as the source 
of heat and pressure applied by hand during the pressing-drying process. The speci- 
men is placed between three to four blotters (newspapers may be substituted) and 

ironed” for about 20 min. or until thoroughly dried. Fine specimens are quite 


ble by this method. 
ter drying, the specimens 
(1174 by 16/4 in.). A good grade of white pa 


age is preferable. This paper may be obt ined 
| ay be obtai : 
the specimens are lli paris may be placed on a sheet to fill it, but do not 


Crowd. This is often advantageous for purposes of comparison. The range of fluctu- 
ation (nonheritable variation) is very great in many species. A series of these varia- 
tions make a collection more valuable. A series of specimens ranging from seedlings 
to flowering and fruiting stages are valuable in determination of many species. Most 
Seedlings are quite unlike the more mature plant. Flowering stalks and other parts 
Near the inflorescence may vary greatly from the ordinary | vegetative portions. 
osettes and basal leaves often exhibit important diagnostic characters. Occa- 
Sionally these are not present when the plant ‘is flowering or fruiting. Collect all 
€se parts with each specimen whenever possible. 

nusual variations in an individual of a giv 


should be mounted on standard herbarium sheets 
per treated to prevent yellowing with 
from botanical supply companies. If 


Orms branches with both kinds of flowers are necessary. ie 2 
It is not practical to collect entire specimens when they range over 18 to 24 in. in 
eight. Bending of stems at an angle, not a curve, is permissible as many times as is 
Necessary to get the specimen to fit a herbarium sheet. To keep the bulk at a 
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minimum the “angled” stems should not overlap. Prevent SE aie 
far as possible. Some should be turned upside down to show un ae a 
Flowers always should be placed on top of leaves or by themse! res si we 
between parasitic plants and their hosts should never be — or d ui 
ceous and woody plants only a small portion can be satisfactorily mou "bs 
herbarium sheet. Select only portions showing important prese ec i 
succulent plants such as most of the Crassula are improved by treating a bo: = et 
water for 30 to 60 sec. before pressing. Flowers of these forms should not aa 
mersed in the hot water. Such treatment helps to retain the leaves and eee oe 
color. For cactus species the thicker ones should be split longitudinally and dem fe 
cilaginous inner parts scooped out and the “shells” dried as usual. Plants wed : 
placed in the driers in such a way as to give the pressed specimen as Reet 
normal appearance as possible. Thorny specimens may be placed between 


E : nd 
"and pressed down with considerable weight. This prevents tearing of folders a 
driers. 


In some plants, such as hemlo 
specimens are pressed and driei 
specimens in the followin 
normal green color: 


er 
ck and spruce, leaves shatter from stems soon 2d 
d. This can be prevented by first p 3 
g solution for about 10 days or until the leaves sho 


(Glycesn oe cens. 100 cc 
Grain alcohol (50 per cent) . 100 cc 
Formalin (commercial) ........ 5 cc. 
Glacial acetic acid . 5 cc. 


Copper sulfate ,..... 77777770" : i 1 lump, size of match head 


; " s ears 
Soon after the specimens are placed in this solution a yellowish-green color pralon 
in the leaves, However, after a week to 10 days a more or less normal pe. 
appears which is permanent. The specimens are then carefully rinsed in wê 


I are 
Placed between driers, and pressed in the usual way, Leaves and green color 
retained by this treatment. 


Dried specimens should 
This may be done ve 


; te 
ator may inhale some of the mist. The alcohol will cam 
: ic chloride. Any insect pest eating bre 
ne (dichloricide of the druggists) crystals also ma? 


P : ion 1$ 
y and prevent entrance of insects if the collecti 
se. However, 


be used successfully to destro 
kept in a tight ca 
frequently, 


ue may be “painted” directl. 


gently pressed in 
procedure is to "paint" the gl 
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them in place. In any instance the specimen should be placed on a sheet in such a 
Way as to give it as normal an appearance as possible. 

A permanent label should be attached to the herbarium sheet. This is placed 
in the lower right-hand corner. This should contain the scientific name of the plant, 
common name or names, notes concerning the habitat, location (town, county, ' 
state), date of collection, and the collector's name. None of these should be neglected 
if one intends to build up a standard collection. Each sheet should be placed in a 
genus cover. This consists of heavy manila folder paper cut and folded once to the 
dimensions of 11% by 17 in. In large collections, specimens of a single species are 
kept in separate folders. Not more than the species of a single genus should be 
placed in a single folder. In large collections, these folders are numbered in the 
lower left-hand corner along with the generic and specific names. Specimen numbers 
are also given on the herbarium sheets in many herbaria. A catalogue and notes of 
the whole collection may then be kept conveniently. The specimens may be stored 
successfully in carefully constructed homemade cases or in cabinets obtainable from 
botanical supply houses. 

pecimens which are to be used frequently for classwork should be mounted more 
sturdily than on a herbarium sheet. The Riker or other special mounts sold by 
biological supply houses are more or less ideal for this purpose. However, in most 
instances these are rather expensive. An inexpensive mount may be made as follows: 
Secure a heavy piece of cardboard of the desired dimensions of the mount to be 
made, This will serve as a back. Place a layer of absorbent cotton on the upper side 
of the cardboard. On this place the pressed specimen. Cover the specimen with 
cellophane, celluloid, or glass (thin glass used by photographers is preferable). 
Fasten the transparent cover to the cardboard by means of gummed tape. A wooden 
mount (Fig. 12.13) may be made of strips especially manufactured and supplied by 
the A. I. Root Company, Medina, Ohio. These are ready cut and grooved for folding 
Into rectangular frames. The grooves where the strips are to be bent must be 
moistened with water for 2 to 3 min. before folding. A few drops of glue, two glass 
covers (old photographic negatives are ideal), absorbent cotton to fill the mount, 
and some binding tape for fastening all parts together are all the necessary materials. 
The largest size (5 by 7 in.) may be finished for 25 to 30 cents each. Specimens may 
be mounted on both the upper and lower surfaces if desired. 

Moss and Liverwort Herbaria. Mosses and liverworts usually are not pressed, 
but preserved dry as they are collected. They may be stored in envelopes or folders 
made from 814- by 11-in. sheets of paper. The collector's data are placed on the out- 
Side. Average specimens of a hundred or more species may be kept in a single shoe 
box or similar container. Insects do not infest the Bryophytes nearly to the extent that 
they do seed plants. When collecting these forms, sporophytes should be included 
whenever possible. Most critical characters for identification are found in the 
Sporophytes, Dried mosses and the “leafy” liverworts will regain almost normal 
appearance when soaked in water for 3 to 4 min. A moss gametophyte with sporo-, 
phyte attached in some of the larger species such as Polytrichum, Catharinea, 

Mnium, Dicranum, and Funaria make excellent material for demonstrating alterna- 
tion of generations. They may be mounted easily and effectively in any of the 
Special demonstration mounts described above. If the plants are unisexual, arche- 
gonial and antheridial plants should be collected and appear with the sporophyte- 
caring gametophyte. Archegonia and antheridia can be dissected from dry material 
after soaking. The same is true for species bearing gemmae. A few genera such as 
ogonatum, Buxbaumia, etc., have persistent protonema. A piece of soil along with 
mature gametophytes and sporophytes should be collected. The feltlike protonema 
of Pogonatum will retain its green color for a long time after drying. If slightly 
Pressed while drying it makes fine demonstration material for such groups. 
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Fungi Herbaria 


Slime Molds. These primitive fungi may be collected and dried successfully in 
their fruiting forms. They are delicate organisms, requiring considerable protection. 
Pieces of wood or other substrate to which they are attached should be carefully 
removed and glued in cardboard boxes. Key characters are based largely upon 
dried material. Collectors data should accompany these the same as for any other 
organism. 

Fungi Causing Plant Diseases. Many forms pathogenic for plants may be success- 
fully dried and kept for long periods. Such collections are of great value because of 
the economic importance of this group. If the diseases appear on leaves, these organs 
should be pressed. If the infections Occur on stems, roots, or small dry fruits, they 
may be dried without pressing. Fleshy fruits should be kept in preservative. A few 
common examples of disease-causing forms which may be successfully dried are 
as follows: black stem rust of wheat, loose smut of oat and wheat, bunt smut of 
wheat, corn smut, apple scab, downy mildew of grape, powdery mildew of lilac and 
willow, bean rust, corn rust, white-pine blister rust, chestnut blight, white blister 
on mustards, and most potato and tomato diseases. " 
S Fleshy Fungi. Many taxonomists prefer dried specimens of mushrooms, including 

toadstools” and the hard and leathery forms causing wood decay, to liquid-pre- 
Served forms because spore color is often better maintained. The drying may be 
carefully done near a source of heat. The specimens are then stored in boxes. 
mur Usually lichens are so closely associated with the substrate upon which 

cy are growing that they are difficult to remove from the foreign material. Ordi- 
narily a piece of the substrate, bark, wood, leaf, stone, or soil is taken with the spec! 


men. Specimens with reproductive bodies should be selected if possible. The collec- 
tion may be stored in Paper folders or in boxes, 


Algal Collections 


8a€ are not preserved very successfully as dried specimens. 
Bahk € are such genera as Tribonema, Oedogonium, Cladophora, an 
ithophora. Many marine forms make excellent specimens when dried. Place them 


> Water and float the specimens on to a sheet of mounting pape! 
As the paper is slowly lif i 
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them ina jar of water, set in a warm dark place, and allow decay to take place for 
4 to 6 weeks. To insure the presence of rotting bacteria, add a tablespoonful of 
decaying organic matter. To speed up growth of the bacteria add a teaspoon- 
ful of a garden fertilizer and about the same amount of sugar to each gallon 
of water. 

After this treatment pour off the solution and with fresh water carefully rinse the 
leaves to remove disagreeable odors and loosen decayed portions. The remainder 
of the work has to be done with individual leaves. Place a leaf on a piece of 
Window glass. Direct a small slowly flowing stream of water on the leaf and peel 
away remaining strips of epidermis. The stream of water will remove most of the 
decayed mesophyll. Some spots may have to be lightly brushed with a camel’s-hair 
brush. If carefully done nothing but the vascular system will remain. The skeleton 
may be gently floated to another glass plate where it is allowed to dry. After drying 
it may be loosened from the drying plate with a razor blade or penknife and 
mounted. The leaves may be mounted between two blank lantern slides, the edges 
being bound with lantern-slide binder or other tape. The skeleton may be projected 
9n a screen just as the subject of any ordinary lantern slide. Such mounts are serv- 
Iceable also for macroscopic observations. If microscope slide mounts are desired, a 
small square or disk may be cut out of a skeleton, stained in safranin or Bismarck 
brown and mounted in balsam, using the same general technic as for a stem or root 
Section, 

Leaf Prints. An interesting collection of leaf prints may be made from leaves of 
trees, shrubs, and even herbaceous plants. The following methods are recommended. 

Printers Ink Method. Obtain a small can of printer's ink from a print shop. 

ilute a small portion of this with boiled linseed oil until it will brush out as paint. 

Oat the leaf surface with ink, placing the painted surface next to a newspaper or on 
mimeograph paper. Place another paper on top and press with a flatiron (used for 
laundry purposes) or a photographic squeege roller. This will remove the excess ink. 
Transfer the leaf to the sheet which is to be saved. Locate on paper so that the 
transferred print will make a balanced page. Mimeograph paper is best, since it will 
absorb the ink readily. Cover the leaf as before and press. Several trials will prob- 
ably be necessary to get the leaf characters transferred properly. Too much or too 
little ink must be avoided for the best work. Labels are best typewritten since 
9untain-pen ink will run on the softer qualities of mimeograph paper. 

‘abon-paper Prints. Place the leaf to be printed on a piece of newspaper. Lay 
a Piece of carbon paper such as is used in typewriting, with the carbon surface next 
to the leaf, Cover with another piece of newspaper. Press it thoroughly with a hot 
electric flatiron such as is used in laundry work. Remove the leaf and place the 
carboned surface next to the sheet which is to receive the print. Place a newspaper 
on top and carefully press again with the hot electric iron, Some practice will soon 
nable one to make good prints. an ER g 

lueprints of Leaves. Obtain a photographic printing frame. Cut a piece of 

"erint paper to fit the frame. Place the leaf to be printed next to the glass and 
Cover with the blueprint paper, coated surface next to the leaf. The above procedure 
Must be carried on in a darkened room. Then expose to bright light for 3 to 4 min. 

*turn the frame to the dark room, remove the exposed paper and rinse in cold 
Water, Dry the print thoroughly between blotters. Mount the print just as a photo- 
Braph, 
i Plaster Casts of Leaves. Obtain a shallow cardboard box somewhat larger than 

€ leaf to be cast. Prepare enough plaster of paris to make a plaque of the desired 
thickness, Mix the plaster of paris with enough water to make it the consistency of 
cream. Do not stir. Place the leaf in a central position in the box and pour the 
Plaster of paris over it. Place some sort of hanger in the end opposite the tip of the 
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i e box and 
leaf. Allow to stand for 24 hr. or longer. After setting ee beds s 
eat. lly tear the leaf away. The leaf impression may be painted wit Me. 
TM n of Autumn-leaf Coloration. Obtain moist specimens id Keen. 
olored leaves. Pour some powdered resin on a newspaper. Xe a Aube ur 
Ire in the resin until it melts. Pass the iron over the leaf. Wa ENS 
leaf a varnishlike coat of resin. Such treatment will preserve x xS priae 
The flatiron may be cleaned by rubbing with newspaper while i 
scraping with a safety-razor blade. 
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CHAPTER 13 


-# Laboratory Aids and Substitutes *- 


Since one of the major problems of a great many teachers of biological 
subjects is the finding of sufficient materials and equipment for the labora 
tory, it becomes important that limited funds be spent wisely, that me 
sive substitutes be provided for more expensive apparatus, and that use 
made, wherever possible, of common and easily obtained teaching aids. ór 

Throughout the chapters of this book there occur numerous suggestions a 
this character appropriate to the subjects of those chapters. A eae 
additional suggestions are given here which have more general usefuln 2 
It is by no means intended that this be an exhaustive list, as almost a 
experienced teacher could add something, but rather that it act as an ies de 
ple for inexperienced teachers and for those who are not accustome 
improvising to meet their daily needs. 


ADHESIVES 


E 

Acetic acid placed between two celluloid surfaces will cause them to wo 
cemented together. This enables one to make useful pieces of apparatus $r 
celluloid. Plastic cements can be had in tubes at small cost. , and 

Rubber cement, obtainable at five-and-ten-cent stores, gasoline pud tat 
Stationery supply companies, is very useful in mounting photographs, small e: x 
etc. It does not cause wrinkling, and the mounted object can be readily remo 
later without tearing. hoto- 

Parafilm is very useful in mounting or reinforcing large charts, maps Pi 
graphs, etc., which are to be folded and used extensively. It comes in rolled Yi pe 
25 in. long and 20 in. wide, also 150 ft. by 20 in. The parafilm sheet is place 
tween a chart and the mounting cloth, then pressed with a moderately hot iron: 


i ; : ; E res, 
circular telling of its uses-is provided with each roll. It is on sale at bookstore 
draftsmen's and artists’ supply concerns. 


Aquarium Cement 


Mix to the proper consistency for glazing by the use of boiled linseed oil and i E 
drops of drier. A sufficient amount of lampblack is added to change the color r a 
red to slate. Mix the above ingredients with enough of the linseed oil to Ios] 
stiff paste. Support the pieces of glass so that cement may be pressed firmly new 
corners and smooth with a putty knife. Be certain that no air spaces remain. A 
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the cement to become thoroughly dry before placing water in the aquarium. After 
drying rinse the aquarium thoroughly before placing the permanent water supply 
in it. 


Wax for Sealing Glassware 


Powdered resin... e 15 parts 
Beeswax ; 35 parts 
Petroleum jelly sssi: seses eer vre erian me Hes es ee 50 parts 


Melt the beeswax and petroleum jelly and mix. Gradually add the resin while 


stirring. 


APPARATUS ACCESSORIES 


necessary to keep water running into an 
has no drain pipe the result would be that 
To avoid this use the device shown in 


Automatic Siphon. Sometimes it is 
aquarium or culture jar. If the aquarium 


the water would reach the top and run over. : ; 
Fig. 13.1, Whenever the water in the aquarium reaches the height of the leveling 


Air hole Siphon tube 


Open \ Rubber stopper 


Salt shoker 


Aquarium Perforated top 


B of salt shaker 


A 


Ae 13.1 An automatic siphon for an aquar 
rain. A, siphon attached; B, details of strainer to prevent 


ium with running water that has no 
clogging. 


d drains off part of the water. A wire cap placed 
nisms from escaping, or a can, as shown in 


ig. 13.1, wi utlet from clogging with plants. Several small holes 
must be duds e. Toor as shown in the figure. Always remember that the 
OW of water into the vessel must not exceed the amount which the siphon can 
Temove, The U-shaped bend in the siphon must be filled with water at the start. 
Carbon Dioxide Generator. Where tanks of carbon dioxide are not to be had, 
is convenient to be able to produce your own supply whenever needed. The 
Usual bottle type of generator that is found in any general chemistry laboratory is 
Quite sati i se. j ; : 

Materials. Avy kind of botlle with a wide mouth, such as a pickle, olive, or 
Mayonnaise bottle, or the usual 250- to 500-cc. laboratory bottle; Cor or rubber 
Stopper to fit the bottle; a piece of glass tubing of small bore (about 1A4-in. bore); 
I* possible a small funnel or thistle tube; some acid (hydrochloric 2s probably best 
Although sulfuric, nitric, or even strong vinegar will do); some lime compound, 


Such as fi ble, limestone, bicarbonate of soda (baking soda) ; the 
vinegar EU. be te aN the baking soda and even then the stronger acids are 


9 be prefer N 
HE Vni of marble or limestone or the baking soda (about 1 tablespoon- 
ful) i; placed in the wide-mouthed bottle and about 50 to 75 cc. of Wani added. 
€ stopper, with its connections, is put in place. The tube E y qe de the 
Vessel that is to be filled with carbon dioxide. The acid is added fast, a itle at a 


tube, the siphon principle operates an 
Over the outlet will keep small orga 


it 
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time. If no funnel or thistle tube is obtainable, the acid can be poured po - 
the mouth of the bottle and the stopper inserted quickly. Some of the e m 
dioxide is lost in this way, but that is unimportant. When bicarbonate of so je 
used, the carbon dioxide is generated very rapidly and the generation docs E 
long. The marble gives a slower, steadier generation but is not so readily o 2h z 
The carbon dioxide passes out through the tube and may be collected or use i 
needed. Care must be taken when a funnel is used to see that the end of the ae 
is below the level of the water in the generator. Do not collect the carbon me 

which is generated first as it will be diluted with air. Clear the generator by allowing 
it to run a while before collecting. 


Ü 
Rubber stopper.. EA) 


Leveling tube of | | Shan fube __ < Siphon bottie 


glass or metal [ 


Level maintained. 


Fic. 13.2 A constant-level device for aquaria. 


Constant-water-level Device. 
have the water in an aquarium 
level, or when (as during a vac: 
water in some container for a 


There are times when it is a great convenience Tt 
or culture jar remain at an approximately cerit 
ation period) it would be inconvenient poi is 
week or more. The device diagramed in Fig. 19- be 
a situation is taken care of. The leveling per 
not less than ¥ in. in its inside diameter. If it is we 
ded assurance that it will spill its water when the best 
d connections must be airtight. Rubber stoppers are t be 
low air leaks in the system. The siphon bottle mus 

slightly higher than the aquarium. m 
mp. When it comes to raw materials that are free and d 
atory equipment can be made, it is hard to beat a com hief 
town dump. What one will find in a dump will vary with the location and the € On 
source of debris, and it will vary in the same dump from one week to another. 
one visit to such a d were collected: «+ was 

Wallboard. This was the soft spongy kind about Yo in. thick. Much of it ae 
warped and torn, bu ft. were easily obtained. These we 
taken to the laborat of small boxes such as ony 
boxes. The boxes w sed for insect collections. late 
ned insects. It has fine boxes 
s or temperature-control 
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Flower Pots. There were several sizes. 

Bottles. A variety of these is seldom missing from a dump. There were the usual 
apothecary’s dispensing bottles with the volumes marked both in liquid ounces and 
in cubic centimeters. After cleaning they may be used as containers for supplies or 
as measuring devices, substituting for expensive graduated cylinders and flasks. 

Jars. There were glass jars of many shapes and sizes: quart jars, pint jars, and 
many smaller jars such as are used for cheese and jam, wide-mouthed jars and 
narrow-mouthed jars, and jars with and without caps. If cleaned and sorted into 
sizes, they may be stored on shelves or in boxes and kept as containers for preserved 
specimens, collecting apparatus, killing jars, experiments, and demonstrations. 

Bricks. These included pressed bricks, common bricks, fire-clay bricks, and glazed 
tiles. These may be used for weights in pressing plant specimens, supports for 
apparatus, ornaments for aquaria and terraria, and fire brick wherever exposure to 
high temperatures is desired. 

Glass. Windowpanes were almost always broken, but sometimes large enough 
Pieces were found from which quite usable sections could be cut. They are needed 
eae terraria, glass animal cages, pocket gardens, culture-jar covers, and the 

ike, *- 

Wire. This was apparently wire from bales of straw or hay. 

Woven Wire of Several Meshes, There was window screen, J4-in.-mesh woven 
Wire, and 1-in.-mesh chicken wire. This material is exactly what one needs for the 
Construction of cages, partitions in aquaria and terraria, screening sand and soil, 
and protecting plants. 

Tinned Cans. It is surprising how many of these can be found in good condition. 
Some were of the baking-powder-can type with smooth edges and a lid; others had 
Screw caps, and there was one large oil can that would hold 3 gal. It was nearly 
new, soiled only with oil which could be removed readily with soap and water, and 
fitted with a screw cap. 

Wood. There were many kinds of wood. Some of it was in the form of old 
2 by 4 and 2 by 6 planks. These were usually broken or decayed at the ends, but 
there were several feet of good solid wood in each piece. There were parts of pack- 
Ing boxes and crating that was nearly new. For those much-wanted cages, flower 
boxes, flats, and shelves these were all very useful. 

n Nails. From the boxes and crating wood it was not hard to reclaim a number of 
Sizes of nails that had not rusted. 

Seg, A very substantial keg was found, but it was not made for holding liquids. 
If it had been it could have been sawed in two across the middle and two tubs 
Would have resulted which might have done very well as aquaria. 

_ Sheet Metal. This dump, like most others, had several kinds of sheet metal: old 

tin roofing, corrugated sheet iron, and used flat sheets. Most of these were rusted, 
twisted, and torn, but with tin shears it was possible to cut out sections as large 
as 2 ft. square that were still very usable. One seldom needs so large a piece in a 
classroom, 

Marble, The badly broken top of a dismantled washbowl as such did not furnish 
à piece large enough for any laboratory use, but when crushed into fine particles 
and stored in one of the empty bottles it stood ready on the shelf for the day when 
a carbon dioxide generator was to: be set up for a physiological demonstration. 

Strap Iron. From a heavy piece of sheet metal several strips of strap iron were 
Unscrewed, the rust was rubbed off and when bent at right angles and painted, the 
Strips made the supports that were needed for two window shelves. 

Dishes. A dump is the graveyard of old dishes. Most of them are of no use, but 
an occasional saucer that lost its cup may be saved and may prove a better back- 
round for small specimens than glass. A room with an assortinent of such con- 
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i i ishes 
tainers may not be so pleasing in appearance as one orippa] r^ stender di 
or crystallization dishes, but they save money and are just as been "— 
Wax. In a cardboard carton was discovered a dozen bricklike Pa dd Mera 
unwrapped they were found to be cakes of Lon eniti pec iens d ds 
ildi i ye-and-ten-cent s 
school building. One of the girls went to a five-an Eas qur oe 
i ily ti 'The wax was melted and p 
ake pans 9 by 14 in., pebbled and heavily tinned. r 4 er. 
fate the pans io a dep of 5 in. The result was three very fine dissecting pans 
saving of at least $1 per pan. . . ae pipe 
There is no lack of volunteers who will consider it a privilege to hunt the dump 
It is fun. : ' ; E 
Faucet Suction Pump. Wherever running water is available in a eir es 
schoolroom, a small pump for producing a flow of air or for dms € 
in the respiration apparatus shown in Fig. 19.4, is a great a sop 
metal pumps that fasten directly to the water faucet may be purchase 


Air flow From water 


system 


Rubber — .— 
Stopper--~ 
Gloss tube -- Heavy rubbers 
-- Plece of 
large test 
lube or 
metal pipe 
Rubber e 
Stopper--— 
Gloss tube 
outlet------~ 


i 
To the drain 


s ing a 
Fic. 13.3 Details of the construc- Fic. 13.4 Device for attaching 
tion of a simple faucet suction 


hose to an unthreaded faucet. 
pump. 


z s ‘ own 
companies. One may be made in the laboratory from such materials as are sh 
in Fig. 13.3. In usin 


wane the 
g this pump, it must be remembered that it will not see an 
full pressure of the water system and, therefore, the water should be turne 


E od i ome 
slowly until the flow of air is started, Too strong a water flow may cause it to C 
apart at the connections, 


Hose Adapter for Faucet, 
attaching hose and rubber tubi. 
plumbing supply stores, hardy 


" or 

For sink faucets not equipped with connections P 
ng of various sizes, an adapter may be purchase cine 
vare stores, and five-and-ten-cent stores. These € 
in various styles and sizes. Figure 13.4 illustrates a'common type. ump 

Pump for Reagent Bottles, For some reagents it is occasionally desirable to P E 
out the liquid instead of pouring. The pump consists of two glass tubes p ent 
through a stopper. One of the tubes is long, reaching to the bottom of the rca? 
bottle, with the outer end b 


Edi 
ent at an angle convenient for delivery of the n fi 
The shorter tube extends only through the stopper and does not contact the lid 
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A rubber tube is placed on the outer end of the short tube. The operator blows into 
the short tube, and liquid comes out the other. An atomizer bulb may be used as the 
source of air pressure. This is better than sucking as it eliminates the possibility of 
chemicals being drawn into the mouth. 

Sterilizers. A sterilizer of some description is almost indispensable about a 
biological laboratory. Autoclaves are too expensive for many schools. The double- 
boiler type is the simplest one which is serviceable for test tubes, petri dishes, and 
small amounts of culture media. Water is placed in the lower part, and the objects 
or materials to be sterilized are placed in the upper section. Boiling for 1 hr. or 
more is usually necessary. If a double boiler is not available, a metal bucket with a 
lid may be used. An inner container is made of heavy wire screen (hardware cloth) 
to fit the bucket. This should be suspended 2 to 3 in. above the bottom to keep 
tubes, dishes, or culture media out of the boiling water. When pathogenic organ- 
isms are involved, one should not risk the use of these sterilizers. But for many 
ordinary bacterial cultures, molds, protozoa, etc., they are satisfactory. 

An inexpensive commercial steam cooker is more effective and more rapid than 
the above types. More steam pressure and higher temperatures are possible with it. 
hese are obtainable at hardware stores. 

_ High-pressure cookers such as are often used in home canning, with screw clamp 
lid, pressure gage, and safety valve, are very good. Most of them are set for 15 Ib. 
Steam pressure. This is just right for efficient sterilizing. Many of the commercial 
orms are of exactly the same construction as the more expensive ones sold by scien- 
tific supply companies. They are very efficient and may be used in situations where 


Pathogenic organisms are involved. 


COLLECTING APPARATUS 


Coffee Can and Fruit Jar Cage and Strainer. Small cages which can be quickly 
Constructed are a necessity in any biological laboratory where living animals are 
Studied. One which answers the purpose for many insects and other small animals 
may be made from pound-size coffee cans of several of the vacuum-packed brands 
Of coffee, After the lid is cut away, an inner tin collar is found. This should be 
Temoved with a pair of wire pliers. Place a piece of cheesecloth over the mouth of 
the can and clamp it in place with the tin collar, reversing the collar from the way 
It was inserted originally. This gives a rounded edge to the collar, inserts easily, and 
Prevents cutting of the cloth. In case of gnawing animals, a wire screen may be 
Substituted for cheesecloth, but it has to be soldered to the collar. A sheet of 
cellophane may be used as the cover if light and transparency are desired. Such a 
can (with cheesecloth or screen wire) may be used as an emergency strainer or 
steve, if desired, 

n ordinary fruit jar with a Kerr or Crown screw cap makes a very satisfactory 
ee for many purposes. The caps come in two parts—the metal disk lid and the 
readed ring. Only the ring is used for the cages. Cheesecloth, muslin, or screen 
wire is fitted over the jar mouth and the ring screwed in place to hold it. The Kerr 
aH and wide-mouthed Ball jars are more suitable for many purposes than the 
ee Mason jar because of the wide mouth. (See Chap. 12 for numerous sug- 

ens 9f other collecting apparatus.) 3 A 
n P Net. Fish and tadpoles should not be caught in the hand. A small dip net is 
us spensable to the aquarium. Tea strainers with demountable frame and handle 
ou had in various sizes. If the wire gauze is cut from its metal rim and a 
ed thin sack substituted for the wire the rim may be replaced in the handle and 

me, making a splendid net (Fig. 12.15). 
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ELECTRICAL DEVICES 


H . f 
Heating Devices. Electric heating devices may be built very qe pr. d Ei 
the concave reflector types of electric heaters on the market have replac ep 
units. These cones are sold separate y 3 
replacements and often can be obtained = 
pes stores for 25 to 35 cents. If porcelain electri j 
Prou "x light sockets are fastened to a base eoe 
with asbestos board, asbestos cement, or ot n 
heat-resistance substance, and these ore 
screwed into the sockets, an effective hod 
results, Figure 13.5 shows details of mG by 
heater. Larger heaters may be herir Re 
using a series of cones and a larger bloc : it 
can. Do not use a can with soldered am a 
it may heat enough to melt ber eri d ke 
// ordinary electric flatiron is available = the 
/ be inverted, supported in some way, an AS 
flat surface used for heating purposes. e 
inexpensive electric flatiron heating nod and 
Fic. 13.5 A simple electrical heat- — sold for repairs. One of these BUE del 
ing device. fastened to a heat-resisting base and. PE 
covered with an iron plate works € a 
torily. The two pole connections are allowed to project at one side, and an wei pan 
electric flatiron cord is used to make the current connection. An erp. upon 
or tin sheet is not satisfactory for covering the heating unit since it warps bac T Tr 
heating and soon burns out. Resistance wire for replacements may be i ied Ee 
coil which contains about 18 ft. of wire. From this, plus a few odds and ends mbler 
the laboratory, heaters may be built to suit individual needs. A rod type of tu ively; 
heater, sometimes used to heat milk for babies, may be obtained inexpens 
€r types are also available, 


Heating 
unit S 


1 
i 
— Hn 
1 
i 


Light socket” Asbestos 


Reversing Switch. In ex 
r alternate the direction 


Reversible 
electrodes 
i 


It-- 


Insulofjon 


Fic. 13.6 Method of wiring a double-throw switch to make reversible electrodes: 
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they must be carefully insulated to avoid short-circuiting. It is also a good plan to 
have the porcelain block of the switch screwed to a board or table top. 

Thermostats are useful in connection with construction of certain electrical 
apparatus. Several inexpensive ones are available at hardware stores, electrical 
Supply shops, mail-order houses, etc. A gas-filled one, wafer type, used in the 
Construction of certain incubators, is very inexpensive. A very good one of the 
bimetallic bar type is a little more expensive but more reliable. 


SUBSTITUTES FOR STANDARD LABORATORY GLASSWARE 


Very few of the occasions for using standard glassware in the laboratory really 
Tequire this glassware specifically. Nearly always some very common substitute 
could be used quite as well. It must be remembered, however, that these substitutes 
Will not stand heating over a flame or electric heater. 

Aquaria. An aquarium is an aquatic habitat for organisms and does not imply 
that it must be a rectangular vessel with plate-glass sides. Try using most of the 
containers mentioned below as substitutes for culture jars and battery jars, In 
addition to these the following make satisfactory aquaria: fish bowls, porcelain- 
Coated pans, earthenware crocks, a small barrel or keg sawed in half, wooden tubs, 
an old hot-water tank cut in two lengthwise. 

Beakers. Use water tumblers, jelly glasses, and mayonnaise jars. (Do not heat.) 

ide-mouthed Bottles. Cheese jars and mayonnaise jars, olive and pickle bottles 
© Very well as substitutes. 

Inger-bowl Culture Dishes. A very satisfactory substitute may be obtained in 
the form of covered butter dishes. In some of these there is a glass lid which fits 
into a depressed groove making a level top. Usually these dishes may be stacked the 
Same as the finger-bowl type of culture dish. ` , 

ulture Jars and Battery Jars. The larger pickle jars which can be found at 
Brocery stores or junk and secondhand dealers; half-gallon, quart, and pint fruit 
Jars; tumblers and cheese jars are suitable for most purposes. : 

, Museum and Specimen Jars. Plain round or square fruit jars in clear glass, pickle 
Jars in gallon and half-gallon sizes, and sealed tubes are satisfactory substitutes. 
Yracuse Watch Glass. Coasters or caster cups which may be bought at any 
Ye-and-ten-cent store are almost identical with Syracuse watch glasses. 


HECTOGRAPH 


: A Simple Duplicating Device (Hectograph). There are many occasions when a 
Cacher needs to have a number of copies of examination questions, diagrams, or 


directions, but feels that to copy them by hand or on a typewriter would be too 
much work. For such occasions a hectograph is recommended. It is very easy to 


make from the following formula. 
Water: hd T EM urat a su n aha 6 oz. 
Glycerin à 6 oz. 
Sheet gelatin 1% oz. 
Carbolic acid 10 drops 


Soak the gelatin in the water until soft. Heat in a double boiler until dissolved. 
pt the glycerin and pour it slowly into the gelatin. When thoroughly mixed, pour 
und shallow pan of a size somewhat larger than the paper to be used and let stand 
à 1 Cool. If bubbles arise while hot, skim them off with a card. It should not be 

sed for 2 days. Ink for writing with a pen can be bought from bookstores. 
ibbons for typing with hectograph ink may be purchased, and duplicating paper 
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of hectograph ink can be had and used exactly like carbon paper. The second copy 
is used to make the impression on the gelatin. 

Wet the gelatin surface uniformly with a soft sponge. Wipe off excess water. 
Lay the copy upon the gelatin, inked surface down. Roll with a small hand roller 
or rub uniformly with the fingers over the entire sheet. Peel the paper from the 
gelatin, beginning at one end. Lay a plain sheet of paper on the hectograph, roll, 
and remove, It will be a duplicate of the original. One hundred or more copies may 
sometimes be made in this way. 


MEASURING DEVICES 


Centimeter Rules. While centimeter rules are very cheap, they are not Je 
common use. The teacher sometimes finds a situation in which it would be advanta- 
geous to have cach student supplied with one. These may be produced at a fraction 
of a cent each in the following manner: A 

1. Take a sheet of millimeter-ruled graph paper and cut it into narrow strips. 

2. Fasten these on narrow strips of thin wood or heavy cardboard with rubber 
cement. Ordinary library paste may be used, but it tends to cause the paper us 
stretch and does not fasten so permanently as the rubber cement. d 

3. By using a sheet of ¥%-in.-ruled graph paper, a similar strip may be fasten¢ 


Prane to the millimeter strip and a comparative inch-metric scale is estab- 
ished. 


4. Mark with black India ink to indicate the number intervals. d 

5. If sprayed with shellac or very thin paraffin, the rules will be waterproof an 
last a long time. 

Metric- and inch-ruled graph paper may be bought by the foot or yard. Jf Br 
Strips one metric- and one inch-ruled are cemented together and mounted on 
narrow flat board a comparative millimeter-inch scale may be made of any dm 
length. This can be hung at a convenient place on the classroom wall where it D : 
as a useful reference table. Such a long rule should have the accuracy of its pape 
checked at intervals of about 6 in. (Inches times 25.4 equals millimeters.) - 1 

Gram-Ounce Spring Balance. A small letter scale weighing with considerable 
accuracy can be purchased at five-and-ten-cent stores. These little platform scales 
usually read up to 12 oz., but since each ounce is equal to 28.3 g. it is imposs! : 
to weigh small amounts in grams directly because of the small size of the e 
on the scale. Thus 12 oz. would require 339 subdivisions. Such a platform scale 
may be converted into a 10- or 15-g. beam scale with but little difficulty. It w 
weigh to V2 g. with accuracy sufficient for most school purposes, as in the making 
of a 10 per cent solution of some salt. 

_ Most of the details of the transformation are apparent from Fig. 13.7. They cor 
sist of (a) the metal fulcrum which must be rigid and firmly fastened to the 5! i 
of the scales. (b) The pivot is a needle, or a fine nail with sharp points filed on cac 
end. The ends are seated in small depressions in the fulcrum which act as bearings. 
One of the pinion wheels removed from an old alarm clock may be used inste? 
of the needle or nail. (c) To this pivot is soldered or fastened a beam. The mater 
of the beam may be almost anything, provided that it is lightweight and rigid. 
small aluminum tube would be ideal. If there is too much difficulty in finding ot 
thing rigid and yet light in weight, it is quite possible to use heavier mater 
extending the beam beyond the fulcrum in the opposite direction and counterbal- 
ancing it as is shown by the dotted lines of the diagram. (d) The weighing pa” x 
made from the aluminum lid of a cold-cream or ointment jar. The beam and pa” 
are made to contact the platform of the scale by a pin or fine nail. If this pi? 5 
hinged where it fastens to the beam it is better. (e) The gram scale is m2 e 
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gluing a strip of paper along the front of the apparatus. Where the marker now 
rests may be designated as zero. Measure accurately 5, 10, or 15 cc. of water and 
pour it into the weighing pan. The marker will descend toward the bottom of the 
scale. Mark this point as being the weight of the water. Since water (pure) weighs 
1 g. per cubic centimeter, the number of cubic centimeters of water is registered as 
grams of weight. If this is 15 the space between 0 and 15 may be divided into 
15 equal divisions, or smaller amounts of water could be used and the points 
marked off. If the original ounce marks are not covered, the scale will still 
Weigh in ounces by lifting the beam and placing the material to be weighed 
directly upon the platform. 

Bearing, „Pivot 


` 


balance 


Fulcrum” 


<SS 


Fio, 13.7 Showing how to convert a simple letter ounce scale into a gram scale. 
The number of gram divisions possible on such a scale is governed by the length 
of the pan arm of the beam. One must decide this on the basis of the choice between 
quantity weighable at one time and accuracy of weight, since the larger the divi- 
sions, the more accurate the weighing. 
Manometers. To measure the amount of re 
closed container, construct the following mercury 


duction in pressure produced in a 
column (Fig. 13.8) : 


A 8 


Fic. 13.8 Two types of mercury manometers that may be useful in experiments. 
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i le. 
- Place 75 cc. of clean mercury in a narrow bott à 
: m 95 cm. of 1-mm. glass capillary tube into the mercury through the neck 
of the bottle. Close the bottle with cotton to keep out dust. 
3. Support the capillary tube on a board. 
4. Bend the upper end of the tube and attach to a heavy-walled gum tube. : 
5. When connected as shown in Fig. 13.8B, the amount of reduction in areis 
within the container is registered by the height of the column of mercury in t : 
tube. This is measured on the millimeter scale, which may be made from grap 
paper. 


" — ow Me " 
For measuring increase in pressure within a container it is necessary to have 


U tube containing mercury as shown in Fig. 13.84. The two columns of mercury 
are equal if open at both ends, When pressure is increased 


ased, (or decreased) the levels 
differ. The total difference is a measure of the amount of pressure change. 


is not possible to have a graduated cylinder or 
» especially in cubic centimeters aaa 
is not required, an ordinary medicine Sr 
size is 4 liquid ounces. Such bottles usual y 


ottle, a strip of graph paper may be glued on the surface so that there is an ké3 
number of lines running between the ounce and Cubic centimeter marks, This wi 
enabl 


proof, acid-proof, and alcohol-proof it. 


le will serve the purpose. Usually it is calibrated to half 


ounces, Eight-ounce bottles are the usual 


ten-cent Stores. 


TRANSFORMATION TABLES 
Measures of Length 


English Metric 
1 foot = 30.48 centimeters 
1 inch = 254 centimeters 
39.37 inches = | meter 
0.39 inch = | centimeter 
0.039inch = l millimeter 
3.9 inches = | decimeter 


Measures of Capacity 
1 quart (dry) 
1 quart (liquid) 
1 ounce (fluid) 
1 dram (fluid) 


Ll liters 
0.94 liter 
28.3 ce, (milliliters) 
3.5 cc. (milliliters) 


Measures of Weights 


Hb uod gg 


1 grain = 0.06 gram 

1 dram (av) = 1.77 grams 
1 dram (ap) = 38 grams 
l ounce (av.) = 28.3 grams 
l ounce (ap.) = 314 grams 
l pound (av.) = 453,5 grams 
5 pound (ap) = 3735 grams 


2 pounds (av) = 1 kilogram 
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Measures of Temperatures 


+60°C. = 140.0°F. 
55°C. =131.0°F. 
50°C, = 122.0°F. 

= 45°C: 113.008. 


40°C. = 104.0?F. 
35°C. = :95.0?F. 
30°C. = 86.0?F. 
g5e(y m MOE 
209C.-— 68.0°F. 
15°C.= 59.0°F. 
10°C. = 50.0°F. 
5°C. = 41.0?F. 

0°C. = 32.0°F 
—5°C: = 23.0°F, 

Formulas 


Temperature Conversion 


To convert centigrade to Fahrenheit, substitute 


for n in the formula 
9n°C. 


z- +32 
, To convert Fahrenheit to centigrade, substitute 
9r n in the formula E 
5(n°F. — 32) 
9 


the number of centigrade degrees 


the number of Fahrenheit degrees 


MICROSCOPE MAGNIFICATIONS 


Ocutar OBJECTIVE LENS 
10x 3.5 x (30 mm.) 
10x 10 x (16 mm.) 
10x 43 x(4 mm.) 
10x 97 x( 1.8mm.) 


oil immersion 


MAGNIFICATION 


35 diameters 
100 diameters 
430 diameters 
970 diameters 


RELATIVE HUMIDITY TABLE 


wiimetimes it is desirable to be able to maintai 
In a jar or apparatus. Supersaturated solutions o 
Atmospheric humidities in the air that passes slo 
Which stands above them. Thus, if a battery jar is 


of the following solutions and covered with a plate of glass, 
f relative humidity given for that solution. 


tion will gradually come to the per cent o 


SUPERSATURATED SOLUTION 


Calcium chloride (CaCl) --------- 
Sodium hydroxide (NaOH) ....- 
Copper nitrate (Cu(NOg)2) 
. Sodium chloride (NaCl) .------- 
Potassium sulfate (K504) -----+-> 


Concentrated sulfuric acid (c.p.) 
Distilled water «6s 


n a constant relative humidity 
f certain salts will give definite 
wly through them or in the air 
filled to one-fourth full with one 
the air above the solu- 


RELATIVE HUMIDITY 
AT 25 To 30°C. 

26 per cent 

31 per cent 

45 per cent 

73 per cent 

90 per cent 


0 per cent 
100 per cent 
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FREEZING MIXTURES 


i i i ixed with snow or 
If common salt (NaCl) or calcium chloride (CaCl,) is mixe! 
Biely cracked ice, a temperature well below freezing of water will be produced. The 


absorption of heat by evaporating ether will freeze 


V Air intake — water. A simple apparatus for doing this is illus- 
Aa trated in Fig. 13.9. It is too expensive to use on 
EL 15 275-0 g. 15.9. 


Ii / f a large scale, and it should be done under a hood 


and away from a flame. 


MOUNTS AND DISPLAYS 


Embedding in Plastics. Beautiful and pome 
Fiha nent mounts of biological specimens can be ma E 
by embedding them in polyester resins. The proc 


: re 
Fic. 13.9 Apparatus for pro- laboratory work but a project for one or mo 
ducing low temperatures by 
evaporating ether, 


would bring some literature e 
int and Glass Company, Gateway Center, ape 
Dye Corporation, 40 Rector St, New York, N. a) 


from producing s E 
useful material for | k 
collection. This proj 


nished. It Mae 
asis for a pemanan 
t home because of the time involved. 


purposes black is best, 
picture and a tracing 


glass, the plate may be coated with a ve 
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the plate in a dilute solution of table gelatin dissolved in hot water, to which has 
been added a pinch of sodium benzoate or a drop of carbolic acid. Let the treated 
slide stand on edge in a warm place so that as much gelatin as possible will run off 
the glass, Very thin collodion (see footnote, p. 332) may be used in a similar man- 
ner. Another coating may be made by dissolving egg white in cold water and skim- 
ming off the scum at the surface. Do not beat the egg. This preparation also needs a 
Preservative such as sodium salicylate or thymol (about 2 per cent). Temporary 
slides may be constructed in this manner, washed off, and used over again. If the 
slide is to be kept and used again, it should be built up with a second piece of glass, 
as shown in Fig. 13.108. The diagram goes between the two pieces of glass for 


ine 
js 


A 


n Cellophane Fx Gloss plate 


E] 
/ 


VA 
YA 


~- Glass plate 


Fic. 13.10 Two types of homemade lantern slides. 


Protection, and these are bound together with gummed paper or adhesive tape. 
pu useful and still less expensive type of slide may be made as shown in Fig. 
fast A.A Piece of heavy cardboard is cut to form a frame. Sheet cellophane is 
Fw ened over one side of the frame, and some partly translucent object, such as an 
mut Wing, is stuck to it. Then the cellophane is wrapped around to cover the other 
€ of the frame and sealed. The object is within the two sheets of cellophane, and 

js lantern throws a good shadow image on the screen. . í 
each CrOScope Slide Box. To keep expensive microscope slides from resting upon 
dé other and sticking together, they need to be filed in a slide box. Boxes are inex- 
Save, but a substitute can be made at almost no cost whatever. Remove the 
enon one side of a corrugated paper 
Pottion 1d glue strips of the corrugated 
ài a th inside a narrow shallow box, such 
groove read box. The corrugations make 
13.11). Which hold the slides (see Fig. 
gj anh Demonstration Mounts. Usu- 
oim cn can be done about a laboratory 
tio, ER the appearance of demonstra- 
Sma]l Pécimens. For demonstrations of 
animals or plants which will fit into 


à test tube. A A ; emaa 
i » the tub lled with preservative, sealed with a cork, an lipped 
ee J blocks may be prepared with 


in * 
a hojlodion to make the seal more permanent. Wooden 
€ drilled partly through the block and of such a size that the mouth end of the 


t . H 
“st tube will fit into it. The tube may be cemented in place. with hot sealing wax, 


Fic. 13.11 Showing how to make a 
microscope slide box without cost. 
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or left removable. A label may be placed on the tube or block. io age de 
which require jars as containers are improved by fastening them wit dee deri 
or catgut to a glass plate, then setting them in the container and "px to RA E 
with preservative. Small specimens, such as many of the mosses an ds 5 ud 
be dried enough to remove surface liquid, then cemented to a good-gra eae ink 
collodion. Various macroscopic parts may be labeled on the card with e with 
After the collodion and ink are dry, place in a vial or small bottle, fi 
reservative, and seal. : : 
R De gum (Wardian case). This is a most useful structure in a Mess 
laboratory. Commercially made ones are expensive, prohibiting their purc de it 
many. Anyone who can make a fairly good wooden box and cut glass m ape 
cut) can easily prepare such a case. In most laboratories and green yet : 
humidity is so low that many plants cannot be grown successfully. However, Jun 
case of this type, humidity can be maintained at a high percentage even m pes 
dry laboratory. It is very useful for growing many ferns, liverworts, er 
mosses, Selaginellas, and for starting seedlings, cuttings, etc. One containing 2 cllent 
3-in. layer of sifted pine duff (decayed litter from a pine forest) makes an es Abe 
place to grow fern prothallia and numerous other delicate plants. Terraria ee 
used for demonstrating typical plants of a bog, swamp, woods, desert, etc. di 
are useful also for caging numerous small animals under more or less n 
conditions. XT Gons 
A good-sized terrarium for the above purposes may be made as follows ions). 
struct a wooden box 144% by 1874 in. with a depth of 374 in. (inside pee ai $ 
To make the box more permanent, coat it with asphaltum paint. Cut four pie! hawn 
window glass of such dimensions that they will fit on edge inside the box eni ‘hie 
in Fig. 12.33. The glass sides and ends should have a depth of about 16 in. 5€ dinf 
panes of glass on edge against the box walls. Brace them at the bottom by MESS 
a strip of wood to the box bottom, with the strips pressing tightly against che 
pane. Screws may be used instead of the strips by partly driving them into ie 
bottom, allowing the heads to brace the glass walls. Support the corners a ae 
box with four galvanized iron strips 1⁄2 by 14 in., bent at right angles lengt one 
through the center, forming four angle irons. Each of these is slit VA in. at fig 
end along the bend, and the two pieces formed by the cut are bent at right a ae 
to the angle irons. A hole is punched or drilled in each of these to receive a ds "s 
screw to fasten them on top of the wooden box corners. The opposite ends o x 
angle irons are slit along the bend for a distance of about 1 in. It is best to remo f 
a ¥%-in. strip of metal in making the slit. Fasten the perforated ends to d 
of the box with screws or nails as shown in Fig. 12.33. Fit the angle irons tig id 
against the glass corners. With pliers bend the opposite slit ends down over s 
adjoining panes. This locks the corners at the top and adds greatly to the Ron 
of the case. A large pane of glass should be used as a cover for the terrarium. T 
metal corners raise the lid slightly, which is beneficial for ventilation. The dimcn- 


sions of the case may be varied to suit materials at hand for its construction or for 
the specific needs of the laboratory, 


TOOLS 

Dissecting Needles. Various sizes of dissecting needles are made by driving needles 
or steel pins into wooden handles ranging in sizes from match sticks up to those 
the size of a pencil. To do this, place the needle in a vise or hold it in a pair of 
pliers and pound the handle onto the needle. Another type of handle may be made 
of glass by warming a piece of glass tube and placing one end in melted sealing wax 
to a depth of 1 in. or more. Place the finger over the other end of the tube and 
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lift it from the wax cup. While the wax in the tube is soft, thrust a needle into it to 
a depth of 1 in. Hold it until the wax has hardened enough to keep its place. 

Dissecting Pan. From a five-and-ten-cent store get a rectangular cake pan about 
1 in. deep. Melt over a slow fire equal quantities of beeswax and paraffin. Pour 
this into the cake pan to a depth not to exceed 26 in. When the wax has frozen the 
S aE pan is ready for use. This will cost less than half the price asked by supply 

ouses, 

Drills. Often one finds that the right size of drill is not in the tool collection. One 
can be made quickly and easily from a wire nail. Cut off the head. Flatten the 
pointed end with a hammer to the width necessary. File or grind a sharp bevel on 
ee Placed in a brace this serves as an emergency drill for wood and soft 
metal, 

A drill for glass may be made by breaking the end from a three-cornered file. 
This leaves a sharp, ragged edge. This may be straightened up on a small emery 
Wheel to give it bite. Place the handle end of the file in a brace and proceed as with 
an ordinary drill. The glass must be on a very even surface and less pressure is 
applied than for wood or metal. Too much pressure is sure to cause breakage. 
After the drill has started through the surface, progress is more rapid. Some patience 
is required at first, A few trials should be made first on worthless pieces of glass to 

Ctermine the proper amount of pressure. 
Hole Cutter. For drilling holes in cork or rubber stoppers, vegetables, or any 
Soft Substance, a set of standard cork borers is very convenient but not always avail- 
able, Small drills, gimlets, and apple corers can usually be had at any five-and-ten- 
cent store and will serve satisfactorily as substitutes for the more expensive 
€quipment, The edge of a small piece of metal pipe may be ground at one end or 
€d so as to make a sharp cutting edge. This will make a good hole cutter for 
corks, etc. A cork should be placed tightly in the neck of a bottle before being 
drilled with a bit or gimlet to prevent the hole from being irregular. 
Scalpels, Safety-razor blades (single-edge type with a back) with a part of the 
ade broken out serve as dissecting knives for various purposes. The pieces broken 
out may also be made into serviceable instruments by soldering them onto handles. 
cry small ones may be made by heating the tip of a dissecting needle, flattening 
€ point out with a hammer, and tempering by plunging into cold water while very 

ae A suitable edge is then prepared by filing or grinding. These are very useful in 
aning fern prothallia, moss rhizoids, ctc. 


Fic. 13.13 Holding a 
hot tube or flask with a 
folded, heavy, paper strip. 
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Section Razor. A discarded old-style straight-edge razor often makes a good 
razor for freehand sections. Safety-razor blades with one edge and a back, such as 
the Gem, are inexpensive and serviceable. Also, there is a section razor on the 
market which is very good. It is of metal construction, has a blade similar to a Gem 
safety-razor blade but is longer and with a more durable edge. Extra blades may 
be purchased. The razor has something of the appearance of the old-style straight 
edge. 

Test-tube Rack. A test-tube rack is a necessity whenever test tubes are used. Make 
one from small strips of thin wood or a shallow box. Bore holes in one side slightly 
larger than the tubes; in the other side bore holes of half that diameter. A cardboard 
box may be used and square holes cut with a knife. 

Test-tube or Flask Holder. To avoid burning the fingers when heating test tubes 


or flasks, fold a square of paper into a strip and wrap it about the tube or neck 
(Fig. 13.13). 


WATERPROOFING 


Asphaltum is useful in waterproofing many surfaces where a black paint is not 
objectionable. It may be used on metal, wood, and concrete. In concrete tanks there 
is a slow diffusion of calcarcous materials into the water. Sometimes this is objec- 
tionable in growing cultures of plants and animals. Coating the surface with 
asphaltum paint reduces this difficulty to a minimum. Containers coated with 
asphaltum should be dried thoroughly before using, then washed with numerous 
changes of water to remove all traces of oils or other substances released by the 
paint. 

Collodion or cellulose acetate is a useful substan 


corks in bottles and waterproofing labels. Dilute sol 
be used. Fit the cork ti 


ce for waterproofing and sealing 
utions (about 6 per cent) should 
ghtly in the bottle. Dip the cork, submerging a portion of 
the bottle neck, in the sealing compound and allow it to dry. This will occur more 
rapidly in a current of air or near a source of heat, such as an electric light. 

properly done, a thin membrane of collodion will cover the cork and extend down 
on the glass of the bottle, If desired, this membrane may be increased in thickness 
by repeatedly dipping and drying. This method is particularly useful for vials or 
other small bottles containing liquids which are to be shipped or stored for long 


periods. The collodion or cellulose acetate seal will prevent the loosening of corks 
and resulting leakage. Several k 


inds of liquid plasti i inted 

over surfaces like varnish, aD Pci Um hs Obtamed andi pa 
Paraffin i i " - 
oiei "Bn a very useful material about most laboratories. Corks may be water 


prevent rust and to assist 1n 
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methods. Scatter some paraffin shavings or powder over the surface to be treated. 
With a hot clectric flatiron melt the paraffin and hasten the penetration by “iron- 
ing" the surface repeatedly for several minutes. It is possible to force a large 
amount of paraffin into a wooden table top by such means. When thoroughly done 
the table top is not only waterproofed but is also nearly acidproof. This treatment 
1S not recommended for desks. 

Silicones, certain polymeric compounds of silicon which have remarkable prop- 
crties of clasticity, protective covering, insulation, and waterproofing may be 
obtained in liquid form and applied over surfaces or impregnated into cloth to 
Protect and render them watertight. 

Shellac is used widely as a waterproofing material. It is soluble in alcohol. Clear, 
or white, shellac should be used for waterproofing labels, and where the appearance 
of the grain of wood is to be retained. 

Petroleum jelly is useful in rendering cork stoppers leakproof and even airtight. 
For corks used in bottles containing liquids, such as preservative on specimens, 
drop the corks into melted petroleum jelly and keep hot for 20 min. Remove the 
Corks and stand them on a newspaper until the petroleum jelly cools. This treatment 
usually prevents bottles from losing liquid contents over a long period of time. 


SOURCES OF BIOLOGICAL SUPPLIES 


Biological Supply Companies 
California Botanical Materials Company, 787 Melville Ave., Palo Alto, Calif. 
Icroscope slides and preserved botanical materials. Many Pacific Coast species 
c n offered along with others. : 
alifornia Insectaries, Inc., 1612 W. Glenoaks Blvd., Glendale, Calif. 
ambosco Scientific Company, 37 Antwerp St., Brighton Station 35, Boston, Mass. 
iological materials, collectin lies, et 
x a g supplies, etc. »- 

Carolina Biological Supply Company, Elon College, N.C. Living and preserved 
iological materials. 1 um 
ìcago Apparatus Company, 1735 N. Ashland Ave., Chicago, Ill. Biological 
Materials, microscope slides, general laboratory apparatus and reagents. 

“noyer-Geppert Company, 5235 Ravenswood Ave., Chicago 40, Ill. Preserved 
tological materials, microscope slides, charts, models, and general laboratory 
equipment, R i 
mnecal Biological Supply House (Turtox), 8200 South Hoyne Ave., Chicago, Ill. 
ving and preserved biological materials, microscope slides, general laboratory 
Supplies, 
Ben, J. M., Alb ivi 
CaL apium urg, Vt. Living frogs. 1 ». 
une Biological Laboratories, Supply Dept., Woods eae Mass. Living and 
“served biologi ials. Mi ine species are offered. 
gical materials. Many marine spi 
RW York Scientific Supply Company, Inc., 28 West 30th St, New York 1, N.Y. 
, reserved biological materials, microscope slides, etc. 
Zn Biological Supply Company, 1806 S. E. Holgate Blvd., Portland, Ore. 

Soup ical materials. 
ee Biological Supply Company, 517 Decatur St, 

outh Preserved biological materials, mistoscope slides, etc. k 

anq Western Biological Supply Company, 415 Tyler Ave., Dallas, Tex. Living 

Tria preserved biological materials, microscope slides, etc. : : 

pn Botanical Products, Ripon, Wis. Living and preserved botanical materials, 
Icroscope slides, etc. 


Warg’. 
T's Natural Science Establishment, Inc., 


New Orleans, La. Living 


3000 Ridge Road, Rochester, N.Y. 
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Preserved biological materials, microscope slides, skeletons, insect collections, 
fossils, etc. p i 

W. M. Welch Manufacturing Company, 1515 Sedgwick St., Chicago, Il. Preserved 
biological materials, microscope slides, and general laboratory equipment. 


General Laboratory Supplies 


American Museum of Natural History, 77th St. and Central Park West, New York 
24, N.Y. Lantern slides, photographs, pamphlets, etc. 1 
Bausch & Lomb Optical Company, Rochester, N.Y. Microscopes and other optical 

equipment, microtomes, etc. 
Carolina Biological Supply, Elon College, Ohio, N.C. 
Central Scientific Company, 1700 Irving Park Blvd., Chicago, Ill. Laboratory 
apparatus. : 
DeVry. Q. R. S. DeVry Corporation, 4829 Kedzie Ave., Chicago, Ill. Projection 
apparatus, motion-picture film, etc. 4 
Eastman Kodak Company, Rochester, N.Y. Projection apparatus, cameras, motion 
pictures, chemicals, etc. 

Eimer and Amend, 933 Greenwich Ave., New York 11, N.Y. Laboratory ap- 
paratus and reagents, A 

Fisher Scientific Company, 709-719 Forbes St., Pittsburgh, Pa. Laboratory appli- 
ances. 

Harshaw Scientific Co., 1945 East 97th St., Cleveland 6, Ohio. 

Kewaunee Manufacturing Company, Kewaunee, Wis. Laboratory furniture. 

American Optical Company, Buffalo 15, N.Y. Microscopes and other optical equip- 
ment, microtomes, etc. 

Thomas. Arthur H. Thomas Company, Vine Street at 3d, Philadelphia 5, Pa. 

aboratory apparatus and reagents. 
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CHAPTER 14 


-* Preparations for the Microscope - 


This chapter is not intended to be a complete treatise on sende 
In most instances only the simpler methods which do not require the eye 
expensive apparatus such as microtomes have been included. E 
representative forms have been selected and discussed, expecting t : ee 
may be applied to similar tissues which may be more available than t : us 
specifically mentioned. Many of the methods dealing with plant pin «d 
be applied to animal tissues as well, and vice versa. At the end of the c aap E 
some standard references are given for the benefit of those who wis 
pursuc more intricate methods than are given here, 


Use of the Microscope. Learning to use a fine compound microscope is a pr 
Which no intelligent person should be denied. With such an instrument, a enean 
world is made available for him to explore. For many, it has meant the initia 
of a lifetime career. : < 

Magnification. One of the first problems occurring to the beginner is the ia 
or extent of the magnification resulting from use of any particular lens SERE 
This may be readily explained if a standard microscope is available. The IPE 
(ocular) will bear a number such as 10x or 12X. Also, the objectives are det If 
as to the power of their particular lens systems such as 45X for the high powe Ver 
a 10% ocular is used in combination with the 45x objective, the magnifying pov bè 
of this combination is 10 times 45, or 450. That is, any one dimension will A 
magnified 450 times. The magnification is properly expressed as diameters, "ph 
not areas. For example, the 10X ocular lens system would make a line appear be 
be 10 times longer than without magnification. Two sides of a square would is 
magnified 10 times along one side and 10 times along the other; therefore t^ 
included area would be 100 times as great. However, it would give an tu 
idea to state that for this reason such à lens system has the power of 100. This ha 
happened in the advertising of some cheap substandard microscopes. i 

Measuring with the Microscope. Microscopic measurements are as important for 
the proper visualization and understanding of microscopic objects as Meri s 
measurements are in our daily lives, The dimensions of vegetative or somatic cel 1 
of various tissues, nuclei, chromosomes, plastids, spores, pollen grains, and cells © 
unicellular organisms are a few examples of microscopic structures commonly 
measured by the biologist. 4 

To make measurements with a microscope an ocular micrometer 1 (eyepiece 
micrometer or scale) is necessary. The ocular micrometer is a glass disk with an 
engraved scale of, usually, 50 accurately spaced divisions. These divisions are 

*The ocular micrometer disk and the stage micrometer are available from the 


following: American Optical Company, Buffalo 15, N.Y.; Bausch & Lomb Optical 
Company, Rochester, N.Y. 
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usually ruled in tenths of a millimeter, but this ruling is magnified by the lens of 
the ocular. Since these spaces do not have a known standard value, they must be 
calibrated for each ocular and objective combination. To make this calibration a 
stage micrometer is necessary. The stage micrometer consists of a microscope slide 
bearing an engraved scale of known values, usually ruled in tenths and hundredths 
of a millimeter. 

To calibrate the ocular micrometer, place the ruled disk, ruled side down, in 
the ocular, This is done by unscrewing the upper lens mounting (eye lens) of the 
Ocular and resting the disk on the metal diaphragm within the tube of the ocular. 
Place the stage micrometer on the stage of the microscope. Locate the rulings with 
the medium power. Turn on the high power, if the high-power objective and 
ocular system are to be calibrated, and focus until the ruled lines appear sharply. 
Adjust the ocular micrometer by turning the ocular so that the ruled scale coincides 
with the scale of the stage micrometer. Move the stage-micrometer slide so that 
both the large (0.1 mm.) divisions and the smaller divisions (0.01 mm.) are visible. 

djust until the first line (to the left) of the ocular-micrometer scale exactly 
coincides with a larger division line and the other end of the ocular micrometer 
Scale is superimposed on the smaller (0.01 mm.) divisions of the stage micrometer. 

As an example, using a 10X ocular and a 45X objective, the 50 divisions of the 
Ocular micrometer cover or equal one large space and six small spaces of the stage- 
micrometer scale. Since a large space of the stage micrometer equals 0.1 mm. and 
the small spaces 0.01 mm., the 50 spaces of the ocular micrometer equal 0.16 mm. 

‘herefore, one ocular micrometer division equals 0.16 divided by 50, or 0.0032 mm. 
Since 1 mm, equals 1,000 microns (x is the Greek symbol for the initial letter of the 
Greek word meaning micron), and one division of the ocular micrometer scale 
equals 0.0032 mm., 1,000 times 0.0032 equals 3.2 p, or the value of a small 

ivision of the ocular micrometer. In other words, each small division of the ocular 
micrometer has a value of 3.2 p when using a 10x ocular and 45X objective 
Combination. This does not mean that another microscope with this same lens 
System (10x ocular and 45X objective) would have exactly the same calibration 
value (3,2 1). Slight variations in the manufacture cause individual differences. In 
other words each Tens system must be calibrated as described above, if they are to 
© used in making microscopic measurements. The calibration. value should be 
Written in India ink or typed on a gummed slide label and applied to the base of the 
Microscope for easy reference. The stage micrometer is of no further use as long as 
€ same lens system is used. E y h 
I a specific example, suppose that the length of the long axis of a cell is desired. 
ace the slide bearing the cell on the stage of the microscope, and adjust the focus 
Sharply, Arrange the ocular micrometer so that the scale is superimposed on the 
cell, in the same wav as one would use a ruler, and determine the length in terms 
of small divisions of the ocular micrometer. Suppose that the length of the cell 
Equals two and one half small divisions of the ocular micrometer. Then 2% times 
2 equals 8 g, the length of the cell. 
Ounting Media for Temporary Preparations. As is known by everyone who has 
ma a little experience examining objects with a microscope, water is a satisfactory 

Ounting medium for almost numberless structures. One only has to examine an 
Object surrounded by air and then reexamine it mounted in water to appreciate the 
value of proper mounting media. The increased visibility in water over that of air is 
the to the fact that the refractive indexes of water and glass lenses are more nearly 

* same than air and glass. It becomes the almost ideal material for mounting 
Purposes when a living organism, or living tissue, is to be examined. Water has some 

fects or objectionable characteristics, however. It evaporates readily from under a 
cover glass, This may be prevented temporarily by sealing the edges of the cover 
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glass with petroleum jelly or other material impervious to water. The water is soon 
relieved of its oxygen supply, causing a living tissue or organism to be suffocated. 
Cell parts of some tissues have about the same refractive index as water and hence 
are invisible through the microscope. Some structures have surfaces which cannot 
be "wet" easily because of surface tensions. Often a layer of air exists about such 
structures and prevents clear visibility. This is somewhat true of bread mold. If 
some alcohol is added to the water, better mounts may be had, but the organism is 
killed. However, for most purposes this does not matter. 

Mineral oil (the pharmaceutical product Nujol is very good) is useful for 
studying living tissues. Tt is not toxic and is especially valuable in cyclosis (cyto- 
plasmic movement) studies, A piece of onion epidermis mounted in it will remain 
alive and in active condition for at least 3 days. Visibility of cell parts is better in 
it than in water. 

Protoplasmic Movement (cyclosis). One of the most exciting things, and an 
experience remembered by nearly all who ever use a microscope, is the movement 
of cytoplasm visible in several organisms. One of the finest objects for use in demon- 
strating such movement is a leaf from Elodea (Philotria, or Anacharis, water 
thyme). Select a leaf from near the growing tip. Carefully remove it from the 
stem and place it in a drop of water on a slide. Cover with a clean cover glass and 
examine with the medium power of a microscope. The usually rectangular (in two 
dimensions) cells are readily apparent as well as several chloroplasts in cach cell. If 
the leaf is in good condition, a slight movement may be noticed. The high-power 
Objective will immediately reveal more. The chloroplasts do not move about 
individually but are carried by the moving cytoplasm. The movement appears to 
be speeded up, owing to the higher magnification. Nuclei also may be observed. 
By focusing up and down one can determine that the cytoplasm lines the cell 
wall and that a vacuole is located in the central part. This movement may be 
observed in Vallisneria (eel grass); in the long internodal cells of Chara and Nitella 
(stoneworts) ; the epidermis from the concave surface of the fleshy scale leaves of 
an onion; the hairs on pumpkin, squash, cucumber, and tomato stems; and the 
stamen hairs of Tradescantia (spiderwort), pickerel weed, water hyacinth; etc. 
Pollen from Impatiens sultanii, a common ornamental house and garden plant, 
known to florists as Sultana or Sultana Daily Bloomer and Touch-Me-Not, placed 


ina drop of tap water on a microscope slide may germinate in 5 to 10 min. The 
pollen tube filled with protopl 


Preparations for Demonstrating Mitosis 
units of structure of all living organisms, 
composed of protoplasm (the living system 
is enclosed by a cell wall. In turn, the proto 


or Ordinary Cell Division. Cells are the 
Each cell, at least when it is young, is 
), and ordinarily the unit of protoplasm 
plasm of a cell (protoplast) is composed 
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of cytoplasm and, usually, a single nucleus. The cell, as presented here, is unique 
to the biological world. The protoplasm is the only thing that is alive. Another 
characteristic, unique to living organisms, is that young cells reproduce (duplicate) 
by ordinary cell divisions, with the resulting two cells being genetically identical. 
This ordinary cell division is known as mitosis. The zygotes (fertilized eggs) of 
mammals and seed plants (gymnosperms and angiosperms) divide mitotically, 
resulting in all the somatic or vegetative cells continuing to be diploid and geneti- 
cally alike, unless a cytological accident (aberration or mutation) occurs. The roots, 
Stems, and leaves of a given variety of sweet potato may be used in the vegetative 
Propagation of the same variety. What inference may be correctly drawn as to the 
cytological mechanism involved? See Chap. 21 for further facts and application. 

itosis, or ordinary cell division, is a basic process in understanding growth in any 
organism. 

Warmke’s Root-tip Smear Method for Chromosomes in Various Phases of Mitosis. 
Oot tips of the common onion (Allium cepa) have long been used for demonstrat- 
Ing the various phases of mitosis. 

he chromosomes are relatively large and the diploid number is 16. Dry onions 
Purchased from a vegetable market may be used as a source of root tips. Use pint 
fruit jars which have been coated with black paint or wrapped with black paper or 
aluminum foil to exclude light. Fill the jars with tap water. Select onion bulbs 
which are slightly larger than the diameter of jar mouth. The root end of the 
onion bulb should just come in contact with the water surface. If the jars are set 
in a room at about 70°F., a crop of root tips should appear within a week to 10 

ays. For a maximum number of mitotic division figures the root tips should be 
taken from roots which are about one-fourth inch in length. Use a sharp safety 
Tazor, single-edge blade, to cut off the root tips % in. or slightly less in length. The 
Meristematic tissue is quite limited as to volume and is located just back of the 
Toot cap, The harvesting should be done at about 12:00 noon, since there is evidence 
ofa thythm in the mitotic divisions of onion during a 24-hr. period, with the 
maxima for the number of cells actively dividing occurring at 12:00 noon and again 
about midnight, The procedure after harvesting the root tips is as follows: 
Fix (kill) the root tips in a solution composed of 1 part glacial acetic acid 
Parts absolute alcohol, for 12 hr. or more. 

ransfer the fixed root tips to a solution consisting of 95 per cent alcohol 
(ethyl) and 1 part concentrated hydrochloric acid for 5 to 10 min. 

* Then transfer the root tips to Carnoy’s solution for 5 min. or longer. Carnoy’s 
Solution is composed of 3 parts chloroform, 2 parts absolute alcohol, and 1 part 
8lacial acetic acid. 

à ut a small piece (0.5 mm. or less) from a treated root tip and place it on 
Clean slide in a drop of iron acetocarmine. 
Press directly on the piece of root with a small flat scalpel. The cells should 
Separate and float free in the stain. The iron is introduced from the scalpel. 
lace a cover slip on the drop of stain and apply gentle pressure, 
a Heat carefully by passing the slide three to four times through the flame of 
alcohol lamp. This heating increases contrast between the chromosomes and 
cytoplasm, 

8. The slide should now be ready for examination. If it is desirable to keep the 
Preparation for several hours or days, seal the edges of the cover glass as soon as they 

iy dry. The sealing may be done with the paraffin and gum mastic mixture, petro- 

"m jelly, Canada balsam, spar varnish, or Duco cement. ; 
slid fan unusually good slide preparation results, it may be desirable to make the 
€ permanent. This may be done by the procedure outlined following the dis- 


Cussi, ice! 
Ssion and methods suggested for meiosis. 


and 3 
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Preparations for Demonstrating Meiosis, Including the Reduction Division. In 
meiosis in contrast to mitosis, homologous chromosomes pair (synapse) at m 
metaphase stage and do not duplicate. The duplication occurs during the secon 
division of meiosis. The chromosome number is reduced by half. In other words, 
meiosis which occurs in diploid cells results in the formation of haploid cells. E 
independent recombination of chromosomes results at the time of fertilization. This 
is the fundamental structural basis which enables hybrid segregation to occur. The 
meiotic divisions occur but once in a given sexual life cycle, whereas mitosis may 
occur a billion times before another reduction division may occur. The position of 
the meiotic divisions in the sexual life cycle varies somewhat in the great groups 
of living organisms. In nearly 100 per cent of the sexual animals, meiosis occurs 
immediately preceding the formation of gametes (sexual cells; sperms and eggs): 
In the Bryophytes (mosses and liverworts), Pteridophytes (ferns and fern allies), 
Gymnosperms (conifers), and Angiosperms (higher seed plants), meiosis oem 
immediately preceding the formation of spores (including the microspores an 
megaspores). In many of the algae and fungi, meiosis occurs during the first two 
divisions of the zygote, as germination starts. 

The common Easter lily (Lilium longiflorum, Croft, Ace, Georgia, and Estate 
are common varieties) is ordinarily good material for demonstrating meiosis in the 
young anthers. If the bulbs can be planted 75 to 80 days before being needed a 
the laboratory, and kept at 60°F. at night and 70°F. during the day, flower buds o 
the right size should be available for demonstrating the meiotic divisions. be. 
the buds are approximately one-fourth to one-third grown, they are usually à 
about the right state for such work. One must remember that one phase of the 
meiotic division passes rapidly to another when the plants are under good growing 
conditions. Kx. 

A native spring-flowering plant the purple flowering wake-robin (Trillium 
erectum) is excellent for the study of meiosis in the anthers, The short stout 
rhizomes of this plant will likely have flower buds with anthers containing sp 
rogenous tissues (microspore mother cells or microsporocytes) about August first. 
By careful and slight dissection, the tip of the young bud at the apical end of E 
rhizome may be exposed. Snip off a piece of an anther tip, crush it and stain wit 
the simplified acetocarmine method given below. If the microspore mother cells 
are still inactive, place the rhizomes in moist peat in a container, which can be 
covered with a glass plate and kept under good growing conditions. Examine the 
bud once or twice daily until meiosis is discovered. When in the state desired, store 
the container, with the rhizomes covered by moist peat, in a refrigerator at a tem- 


perature somewhat above freezing, until the material is needed for class use, perhaps 
several weeks later. 


Tuberlike rhizomes of Trillium erectum may be purchased from Gardens of the 
Blue Ridge, E. C. Robbins, Nurseryman, Ashford, McDowell County, N.C. 
CA epee for Using the Iron Acetocarmine Method for Staining Sporogenous 
issue 
1. With a sharp razor, cut off a small piece of a lily anther from a young bud. 
ont it in a drop of iron acetocarmine and crush with a flattened or spear-point 
needle. 


2. Cover the mount with a cover glass. PI. 
paper will do). With the left ind 
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the color from the cytoplasm and concentrates stain in the chromosomes. Seal the 
cover to the slide. 

3. The slide is ready for examination. If desirable to keep it for several hours or 
days, seal the edges of the cover glass as soon as they are dry. The sealing may be 
done with petroleum jelly, paraffin and gum mastic mixture, Canada balsam, val- 
spar, Duco, etc. 

4. If overstaining occurs, run 
slightly. 

Permanent Acetocarmine Preparations 

1. Obtain young anthers (lily is excellent) in various stages of development. 

2. Crush an anther on a clean slide and spread the contents over a small area. 

3. Place the slide in a petri dish or some other convenient container and cover 


the slide with the following solution: 


acetic acid under the cover glass and warm 


Solution 4 


Distilled water ..... m ee eet 
Glacial acetic acid .... s 
Chromic acid (saturated solution) 


Solution B 


Distilled water ..... n tm ttm 
Formalin (commercial strength) 


using. Pour the solution care- 


Mix equal quantities of solutions 4 and B just before i 
r. Allow the slide to remain 


fully into the dish. Do not dash it on the anther smea 
' this solution for 2 hr. 
4. Wash in tap water for about on 


Remove anther-wall debris with forceps or a dissecting needle. — — s 
per cent aqueous crystal violet which has 


n. Make several changes of the water. 


Š 5. Stain approximately 5 min. in 1 

en boiled and filtered. 
Rinse in water. 

7. Dehydrate in 30 and 50 per cent 

Whicl Treat for 30 sec. with a solution o 

Ich has been added 1 g. of iodine and 1 g. o 

10 Dehydrate by passing through 95 per cen 

- Clear in oil of wintergreen or oil of cloves. 

Rinse in xylene. 

Mount in Canada balsam and apply a cover glass. 

ü Preparations are too dark, either destain in 95 per cent alcohol or reduce the 
me of staining, Some fine preparations of reduction division, mitosis, and, conse- 
ently, chromosomes are possible with this method. : : 

. Pacteria, Temporary Mounts. Allow some grass or weeds to decay in water which 
I5 kept at a temperature of 70 to 80°F. for 1 week. The liquid will be teeming with 
Organisms by that time. Place a drop on a slide and examine with a 4-mm. lens. 

*€ that the lenses are thoroughly clean as well as the cover glass. The light should 

© carefully adjusted to get best results. Dead flies or bees allowed to decay in water 
ise 2 to 3 days will also produce bacteria in abundance, many of which are very 
c ge. Rod, sphere, and spiral forms are usually found in abundance from such 

ultures, 2 
toa ddiccink Preparations. Place a drop of India ink on 
ES Pick collect scrapings from the teeth near gum m 

e India ink and allow it to dry. After drying dehydra 


alcohols for about 3 min. each. 

f 100 cc. of 80 per cent ethyl alcohol to 
f potassium iodide. 

t and absolute alcohol. 


a clean cover glass. With a 
argins. Place this material 
te in 100 per cent alcohol 
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for 1 min., clear in xylene for 2 min., and place the cover glass, ink-covered surface 
down, in a drop of balsam on a slide. Allow the mount to dry. Observe with a 
4-mm. lens or, better, with an oil-immersion lens, if available. Spiral forms are 
usually found in abundance in such preparations. 
Gram's Stain 
1. Thoroughly clean a cover glass with ether or by scouring with powdered 
pumice. 
2. Place a loop of water (with a loop needle) on the clean cover glass. 
3. With a sterile transfer needle touch a pure culture of the bacteria desired 
and touch it to the drop of water. Do not stir with the needle. 
4. Pass the needle through a flame several times to sterilize it. After cooling, 
spread the culture drop by means of the side of the sterilized needle. 
5. Allow the film produced to become air-dry. 
6. Fix the bacteria by passing the cover glass through a flame three times at 
l-sec. intervals. Hold the cover glass with a pair of forceps during this process. 
7. Stain 3 to 4 min. with Gram's aniline gentian violet. 
8. Rinse by carefully flowing water over the cover glass, then stain in Lugol's 
iodine for 1 min. n 
9. Rinse with 95 per cent alcohol for about 30 sec. or until the excess stain is 
removed. 
10. Rinse with water, and stain with safranin (1 per cent aqueous) for about 
1 min. 
11. Rinse with water and allow to become air-dry. Dehydrate by passing through 
100 per cent alcohol. Air-dry the smear and invert the cover glass in a drop of balsam , 
on a slide. Some bacteria stain blue (Gram positive), while others lose the blue but 


stain red in the safranine (Gram negative). This method is used often to differentiate 
between organisms. 


Loe ffler’s Methylene Blue 
1-6. Prepare a film of the desired bacteria on a cover glass as directed in steps 
from 1 to 6, under Gram’s stain. 
7. Stain the preparation with Loeffler's methylene blue for 2 to 3 min. The time 
will vary with the kind of organism and its age. 
8. Rinse with water by carefully flowing it over the cover glass. Air-dry the 
preparation and complete the dehydration by passing it through 100 per cent 


alcohol. Air-dry the dehydrated smear and invert it in a drop of Canada balsam 
on a slide. 


Spores and Pollen Grains. Collection of Spores and Pollen Grains. Spores of 
numerous forms may be observed readily in a drop of water, formalin-acetic acid- 
alcohol (F.A.A.) fixative, or glycerin. Spores of numerous fungi, algae, mosses, liver- 
worts, ferns, club mosses, horsetails (Equisetums), Selaginellas, and pollen grains 
of all the higher plants, some of which are available to everyone, make very inter- 
esting preparations. A collection of pollen from various plants is of importance in 
botanical studies for purposes of comparison. They are of direct economic impor- 
tance to beekeepers and in the study of hay fever (allergy). The following schedule 
will give satisfactory results for numerous spores and pollen grains. 

1. Smear a slide with gelatin fixative, 

* Sprinkle pollen over the gelatin surface. Be careful not to concentrate it too 
much. 

3. Kill and fix the pollen, flooding the smear with a few drops of 5 per cent 
formalin. Allow the slide to air-dry for 3 to 4 hr. 

4. Hydrate in the following alcohol series: 95, 70, 50, 30 per cent to distilled 
water at intervals of about 2 min. each. 

5. Transfer to 4 per cent aqueous solution of iron alum for 5 min. 
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6. Rinse with five to six changes of distilled water. 

7. Stain for 1 hr. in 0.5 per cent aqueous hematoxylin. 

8. Rinse in distilled water. 

9. Destain with 2 per cent aqueous iron alum for 5 to 7 min. or until a grayish 
color appears in the grains. à 

10. Rinse in distilled water with five to six changes. 

11. Intensify with alkaline tap water or with 50 per cent saturated solution of 
lithium carbonate for 2 to 5 min. A dark-blue color should be produced if destain- 
ing did not continue too long in step 9. 

12. Rinse in distilled water. 

13. Stain in phenol-Bismarck brown for about 5 min. 

14. Rinse in distilled water. 

15. Dehydrate in 30, 50, 70, 95, and 100 per cent alcohols. 

16. Clear in oil of wintergreen or oil of cloves., 

17. Transfer to xylene for 2 min. 

18. Mount in Canada balsam. * . 

Fern Spore Dispersal. Scrape off a cluster of sporangia which are just mature. 
Examine in a drop of water by means of a microscope to see that the sporangia are 
Still closed and contain spores. Place a drop of glycerin on one side of the cover 
glass and a piece of filter paper in contact with the water on the opposite side of 
the cover. This will draw the water out and the glycerin under. Allow the mount 
to stand for about 2 min., then examine with the microscope. If the sporangia are 
mature, they will soon begin to break open, beginning at the lip cells and tearing 
through the thin wall cells to the annulus, which curves outward. This movement 
Pushes the spores out of the broken sporangium. Glycerin is a dehydrating agent. 

ehydration of the annulus and its resulting movement cause the breaking of the 
SPorangium wall. Essentially the same thing happens in nature when the ripened 
Sporangia dry out. 

€rmanent Preparations of Pollen Tubes 
.l- Apply a very small drop of Mayer's eg 
With a clean finger tip, smear it as thin as poss! 
mount, 

2. Sprinkle some pollen from newly opened 
Ert me pollen grains too thick. 
80°F. Set the slide in a moist chamber w. 

4. Examine with a microscope every hour or so 
Sermination occurs within 2 to 5 hr.). 
of a When the pollen tubes are fou 
a solute alcohol, decanting it gent 

“Cry just until the surface appears 
of the tubes, 

- Stain in fast green for 10 to 20 sec. 
inse in 95 and 100 per cent alcohols. 

* Clear in a few drops of oil of wintergreen 
in in xylene. : Parore lass 

If Mine eee gri 2k a stain the procedure is as follows: 

1-5. Proceed as in above directions. 5 
ae Hydrate pollen tubes by dipping in the follo 
Tvals: 95, 70, 50, 30, and, finally, distilled water. | 
- Stain in phenol-Bismarck brown for about 5 min. 
Rinse in distilled water. 


g-albumin fixative to a clean slide. 
ble over the slide area to receive the 


flowers of lily or petunia. Do not 
here it will be in a temperature of about 
for pollen tubes (usually 
nd to be present, fix the mount by a few drops 


ly after 2 to 3 min. Allow the preparation to 
dry. Prolonged drying will cause plasmolysis 


or oil of cloves. 


wing alcohol series at 3-min. 
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9 Dehydrate in 30, 50, 70, 95, and 100 per cent alcohols at 3-min. intervals. 
10. Clear in oil of wintergreen or oil of cloves for 5 min. 

11. Rinse in xylene. 

12. Mount in Canada balsam and apply a cover glass. 


Delafield's hematoxylin also gives very satisfactory results. The procedure is as 
follows: 


1-5. Proceed as in above directions. 
6. Hydrate to 50 per cent alcohol. 
7. Dilute stock Delafield's hematoxylin about one-third with distilled water and 
stain the preparation for about 1 min. 
8. Rinse in alkaline tap water. 
9. Dehydrate in 50, 70, 95, and 100 per cent alcohols. 
10. Clear and mount as above. ; 
Stored Foods. Temporary Preparations: Starch grains may be examined easily 
in a drop of water by mcans of a microscope. Scrape off a small amount of the 
starchy portion of any structure and mount in water or very dilute iodine. The 
diluted iodine will give a bluish color to the grains. Potato tuber, Canna rhizomes, 
grains of wheat, corn, oat, barley, rye, rice, etc., give interesting types. Scrapings 
from the endosperm of castor beans placed in iodine (same as used for starch test) 
show light-brown protein crystals surrounded by other protein material. Observation 
of this must be made with a high-power objective (4-mm. lens). Cubical protem 
crystals may be observed in cells of a potato tuber. They are found most abundantly 
in cells‘near the cork layer (peel). In most tubers they are not found abundantly. 
Poorly developed tubers seem to be the best types in which to locate them in con- 
siderable abundance, Thin freehand sections of coconut endosperm, corn cotyledon, 
castor-bean endosperm, Brazil nut, etc., will show fine oil globules if stained for 
15 to 30 min. in Scharlach R (Sudan III), then transferred to a drop of glycerin 
for observation. The oil droplets stain from pink to a red color, 
Permanent Preparations of Tissues Containing Fats. Coconut endosperm, castor 


bean, Brazil nut, tissues containing cutin, etc., are excellent for study of fat storage 
and fatty substances. 


1. Section tissues in fresh condition. Place in 70 
formalin for 10 to 20 min. 

2. Rinse and treat with 4 per cent iron alum solution for 15 to 20 min. 

3. Rinse in distilled water with about six changes. 


/ mnm in 0.5 per cent hematoxylin until the cell walls are clearly differen- 
tiated, 


5 Rinse in tap water. If overstained, destain in 2 per cent iron alum solution. 
Rinse carefully after this procedure in alkaline tap water. 


6. Stain in Scharlach R (Sudan III) for 30 min. or overnight. 

7. Rinse thoroughly in 70 per cent alcohol or 10 per cent glycerin in 70 per cent 
alcohol. 

8. Pass through the following glycerin series (made up in 70 per cent alcohol) 
at 5-min. intervals: 10, 25, 50, 80, and 100 per cent. 

9. Mount in glycerin jelly (see page 293). 

Leaf Epidermis. Temporary Mounts. Select a plant from which epidermal layers 
peel readily, such as wandering Jew (Tradescantia zebrina, Zebrina pendula); 
); Echeveria weinbergii, a common suc- 
480 major), a common lawn weed; Boston 


per cent alcohol or 7 per cent 
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Permanent Preparations S M 
1. Strip off the epidermal layers, keeping the leaf submerged in water during 
the process. This helps to prevent rolling of the tissue. , 
2. Transfer the strips to absolute alcohol for fixation for 10 min. : 
3. Transfer at 3-min. intervals through the following alcohol series: 95, 70, 50, 
and 30 per cent, then into distilled water. i 
4. Stain in phenol-Bismarck brown for 3 to 5 min. 
5. Rinse in distilled water to remove excess stain. A Nen 
6. Dehydrate by passing the tissue through the following alcohol series at 3-min. 
intervals: 30, 50, 95, and 100 per cent. . , B 
7. Clear in oil of wintergreen or clove oil. This step may be dispensed with if 
these reagents are not available. Clearing results are better if one of these oils is 
used. : h 
8. Cut the strips into about V$-in. squares. This can be done easily with a sharp 
Safety-razor blade. , : 
9. Rinse a tine (xylol). If step 7 is not followed the pieces should remain 


in the xylene for 2 to 3 min. ” 
10. With a camel’s-hair brush transfer the pieces to a drop of Canada balsam on 
4 clean slide, 
11. Examine under a microscope and sce that 
turned up. 
12. Cover wi lass and allow to dry. 
4 er with a clean cover glass a á s 4 
It is possible to prepare an interesting series of such we HOME T mr 
9r absence of stomata on certain surfaces, comparison of num = $ Pma pra 
Same plant species growing in various situations, comparison of p ants 
ĉcological situation i lant families, etc. i 
al situations, various plant ta , k , 
Teparation of Silicious Epidermal Mounts from Equisetum (horsetail, scouring 
sh) 


the outer surface of the tissue is 


l. epu stem into strips about 3 to 4 sauce 
ut transversely to about 6- to 8-mm. lengths. f s 
oak Mose alec acaba sulfuric acid for 15 to 20 min., swirling gently 
toward the end to loosen the decomposing tissuc. 
cant the acid carefully. 
inse thoroughly with water. 
Dehydrate in 80, 95, and 100 per cent alcohols. 
lear in zylene for 2 to 3 min. M 
Wai ount in Canada balsam and ipid 
rm 3 ful tha 
bubble a hot plate, being carefu 
fest amounts show the epider 
gene std cells nicely displayed. dies 
acral type serve satisfactorily for such preparations. 


th cover glass. If bubbles are present, 
balsam does not get hot enough to 


i tline, with the stomata 
al layer in skeleton ou i ; 
pota praealtum and other plants of this 


Aceration of Tissues i in thi 
: r m. in thickness. 
‘ut longitudinal pieces of roots or stems into pieces abou 1 
Dejo th gitudinal piec f 10 per cent nitric acid and 10 per cent 


chro, 65€ into a solution of equal parts o 
it pmi acid (Jeffery’s maceration solution 
5 made, y ^ 
Let the material stand for 24 to 48 hr. and examine. de pieces fall apart 
y teasing with a dissecting needle, they ir a to be rem k , 
ilte; aperinafunnel — F ? 
m Eu et n os by pouring it into the filter EA n sign e 
a acids ea ate residue may be stored in 50 or 70 per cent alcohol unti 
eded for mounting. 


). Use the solution immediately after 
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5. The residue is made up of tissue elements. It is excellent material for rA 
cell forms. A small quantity may be mounted in glycerin and studied immediately 
as temporary mounts. Or it may be stained and mounted permanently. : " 

6. Staining is done in the filter the same as washing. Dehydration is = op 
plished by pouring alcohol over the residue in the filter. Clearing with xy ene E i! 
be done in the same way, or the residue may be transferred to a small dish o 
xylene. With a dry camel’s-hair brush transfer small bits to the Canada balsam on 
a slide. Cover and dry as usual. i í 

Glycerin Preparations. Glycerin is a favorable mounting medium for many 
objects. It does not evaporate and has a favorable refractive index for many yes 
Algologists often keep their slide collections in the form of glycerin mounts. A bn 
mass of the desired alga is transferred from the preservative to a slide and apt 
with a cover glass. Glycerin is run under the cover glass and gradually replaces s 
other preservative. These mounts are serviceable for occasional examinations. If aa 
glycerin spreads out from under the cover glass more glycerin may be added, t i 
mount still remaining usable. This loss can be prevented by sealing the mount wen 
paraffin, gum mastic, asphaltum cement, Duco, or other sealing mixtures. n 
ogists often make collections of moss and liverwort parts as glycerin mounts. ^^ 
parts are placed on a slide in a drop of half water and half glycerin. The slide is 
held over a flame until penetration takes place. Some require more heating pen 
others. Remove bubbles by pressure on the cover glass. Clean off excess glycerin an 
seal. Such mounts will often retain a living appearance for many weeks. A a 
tion of such mounts may be retained in suitable form for many years if seals ar 
repaired when broken and lost glycerin is replaced. " d 

Venetian Turpentine Method (Venice turpentine). By means of this fuse 
excellent preparations of algae, filamentous fungi, pollen tubes, fern gametophyte. 
(prothallia), moss protonemata, etc., may be made. Beginners often fail with t 
method because of not following directions carefully. Low concentrations of b 
tian turpentine absorb moisture rapidly. If this occurs the preparations are spoiled. 
The following schedule will give good results if followed carefully: ; 

l. Fix plant material in F.A.A. solution. Leave in this solution for 24 hr. O 
longer. 

2. Transfer to 70 per cent alcohol, rinsing with two or three changes. 

3. Complete the dehydration by transferring to 10 per cent glycerin made up 
with 70 per cent alcohol. Cover the container with cheesecloth to keep out dust 
particles and allow to concentrate by evaporation to concentrated glycerin. 

4. Rinse with 95 per cent alcohol until the glycerin is removed. 

5. Stain with phloxine or fast green. The time for the phloxine will range from 
10 min. to overnight. Usually it does not overstain seriously. The fast green usually 
stains sufficiently in 30 to 60 sec. 

6. Rinse in 95 per cent alcohol to remove excess stain, 

7. Rinse three to four times with 100 per cent alcohol. 

8. Transfer to 10 per cent Venetia: 


transferred to the 10 per cent Venetian turpentine, 
set it in an anhydrous calcium chloride desiccator, Close and seal the desiccator 
immediately. If a regular desiccator is not available one may be made from 2 
battery jar or other glass container which can be sealed airtight with petroleum 
jelly between the lid and jar. Place about 1 1b, of anhydrous calcium chloride in the 
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bottom. Cover this with a metal screen ("hardware cloth" will serve). The con- 
tainer with specimens in the Venetian turpentine is set on the screen and left open. 
Be sure to seal the desiccator airtight with petroleum jelly or other medium. Allow 
the specimens to remain in the desiccator until the turpentine is of the consistency 
of glycerin, or thicker. By this time the turpentine is not very sensitive to moisture. 

10. Drive moisture off a slide by holding over a flame for 2 to 3 sec. With a 
needle or forceps quickly lift a specimen with a drop of the Venetian turpentine 
adhering and place it on the heated area of the slide. Arrange the specimens with a 
dissecting needle. Pass a cover glass through a flame once or twice to remove 
hygroscopic moisture and cover the specimen. The Venetian turpentine is used as 
the mounting medium instead of Canada balsam. It drys more slowly than balsam. 
Excess turpentine on the slide may be removed after drying first by scraping with 
a safety-razor blade and followed by a cloth “wet” with absolute alcohol. 

The Glycerin-jelly Method. Glycerin jelly is not so permanent as Canada balsam 
or Venetian turpentine but has the advantages of being quicker and does not 
necessitate complete desiccation of tissues. For some tissues there seems to be no 
other substitute. The refractive index is different from that of Canada balsam and 

*netian turpentine. Consequently some structures can be seen more clearly when 
Mounted in it than in other media. For tissues in which it is desirable to retain fat 
Compounds, glycerin jelly is the usual mounting medium recommended. The higher 
Brades of alcohol, xylene, ether, chloroform, etc., are used in other technics to 
Temove fats, The following general procedure and one detailed schedule for a tissue 
Containing fat will give a fair idea as to use of this method: 

Fix in proper solution for the given material for 24 to 48 hr. 


2. Remove the fixative by washing in water. i : 
3. Stain as desired. Stain combinations containing safranine usually are not 
Satisfactory since safranine will diffuse slowly from the tissue into the glycerin jelly. 
4. Transfe i de up in water. 
r to 10 per cent glycerin made up in w ' 
5. Allow ees to concentrate in a dish covered with cheesecloth to 
Prevent entrance of dust. 

» After glycerin is concentrated, 
Speerin jelly. This is done best at a temperature o! SE f 
c the pure glycerin as possible before transferring to the glycerin jelly. This may be 
done by lifting the tissue on a small camel’s-hair brush and touching the underside 
of the brush to filter paper. Too much glycerin carried over will prevent proper 

ardening of the glycerin jelly. 


€t the tissues stand in the me 
Mounting, 


en Arrange to have slides, cover glasses, 
€ temperature if possible. This helps to preven 


transfer to pure glycerin, then to melted 
f 60 to 65°C, Remove as much 


Ited glycerin jelly for 10 to 20 min. before 


forceps, brush, and glycerin jelly at the 
t formation of air bubbles in the 


Mounts, Circular cover glasses are preferred since the completed mount must be 
Sealed if the mount is to last. Mounts covered with circular covers are more easily 
and ne : 


atly sealed than squares or rectangles. A ^ 
lace a piece of Be tissue in a drop of melted glycerin jelly on a slide and 


ROT with a cover glass. If bubbles develop the larger ones may be teased out with 
‘Ssecting needle, - r Ju * 
0. Allow the mount to cool. The glycerin jelly will harden within a few minutes 
cn exposed to a cool atmosphere. Any excess may be removed with a safety-razor 


eue follow, i i in hot water. 
5 ed by rubbing with a cloth wet in ho! 
to al: llow the S cure for about 1 week. Then seal edges of cover glass 
9 slide with Canada balsam, Duco, asphaltum, gold size, or other sealing com- 
Pound, The seal should consist of at least two coats of any of these sealing com- 
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pounds. Allow each to dry thoroughly after each application and before another is 
applied. A slide turntable is very serviceable in this procedure, but is not absolutely 
necessary. 

Permanent Preparations with Green-colored Chloroplasts. By employing F.A.A. 
solution with copper sulfate as a fixative, it is possible to fix and “stain” certain 
plant materials sufficiently by this one procedure. The chloroplast color closely 
approaches the normal green of chlorophyll. Satisfactory results have been obtained 
with moss protonemata, fern gametophytes, Selaginella sporophylls, and numerous 
algae. The procedure is as follows: 

1. Fix in F.A.A. solution which has been saturated with copper sulfate. A copper 
wire instead of copper sulfate placed in the F.A.A. along with the specimens also 
gives very satisfactory results. Leave specimens in the fixative until a normal green 
color appears, which usually results in 3 to 4 days. 

2. Rinse the specimens in 70 per cent alcohol and transfer to 10 per cent 
glycerin made up with 70 per cent alcohol. 

3. Cover the dish containing the glycerin and specimens with cheesecloth to keep 
out dust. Leave the dish at room temperature and allow the glycerin to concentrate 
by evaporation. 

4. When the glycerin is concentrated, mount the specimens in glycerin jelly. 
Materials prepared in the above manner cannot be mounted in Canada balsam or 
Venetian turpentine since the higher alcohols remove too much of the green color. 

Fibers. Textile fibers may be mounted casily in water containing a little blue 
fountain-pen ink (methylene blue), red ink (eosin), or safranine. Fibers from wool 
cloth, cotton, silk, rayon, linen, etc., make instructive preparations. They are of 
particular value to those interested in home economics, Such preparations may be 
made in permanent form with little difficulty. Permanent stains should be used 
rather than temporary ones such as methylene blue and eosin. Safranine, aniline 
blue, fast green, any of the hematoxylin dyes, Bismarck brown, etc., are suggestions 
of stains that will serve satisfactorily. The lower percentages of alcohols may be 
dispensed with in dehydration. After staining, fibers may be transferred through 
95 and 100 per cent alcohols with two changes in the absolute alcohol (100 pe 
cent), cleared in oil of wintergreen, oil of cloves, or cedarwood oil (this may be 
dispensed with if the oils are not available), transfered to xylene for about 2 min. 
(about 5 min. if the oils are dispensed with), and into Canada balsam as usual. 
Such preparations, if properly made, are valuable in teaching beginning students 
depths of focus of microscope. A good preparation for this may be made by crossing 
two or three fibers stained differently. Determining which is above and which 
below helps the beginner to learn to use a microscope and indicates to the 
instructor the student’s ability with this instrument. 

AUR iR Fresh Tissues. Even though a laboratory may be equipped 
ith expensive microtomes it is of value to know how to make presentable frechan 
ate of tissues. It is a simple and timesaving method to use when sections do not 
ae i s be of exactly the same thickness. Many je 

Lies So qiexordi y from carefully made freehand sections. Safety-r? 
€ ordinary razor may be used. Whichever is used, a sharp blade is ? 


necessity. For fresh tissues the blade should be k yi flooding 
before each stroke. For preserved tissues onte caa lee a oy 


we ife i i d also 
transfer sections to this solution. Make all nde wih dn i aaia 
Hold the tissues in the left hand. With the razor in the right hand mate a long 
oblique stroke through the tissue from left to right toward the operator’s body. 1 
sections are to be used in the preparation of permanent eee. they should be 
transferred to PAA, solution or other recommended fixative. The sections shoul 
be carefuly examined and worthless ones discarded. Usually considerable practice 
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is necessary before a large percentage of the sections is satisfactory. It is not always 
necessary to get complete cross sections of the organ or tissue being studied. Often 
small slivers are valuable. For delicate tissues it is often necessary to clamp the 
material between two blocks of cork, pith (elderberry, corn, sunflower, ctc.), pieces 
of carrot, or potato. Zoologists often use blocks of liver which have been hardened 
in 10 per cent formalin. Leaves, stems, and roots also may be encased in paraffin by 
dipping single pieces or bundles of pieces, depending upon size, in paraffin which 
has been cooled to almost congealing point. Successive dippings will soon build up 
à heavy layer of paraffin about the tissues. The tissues may be successfully supported 
for cutting in this manner. The paraffin will separate readily from the tissues when 
floated on the water. 

Paraffin Infiltrated and Embedded Tissues. Soft tissues such as root tips, stamens, 
Ovularies (ovaries), herbaceous stems, and many leaves cut more satisfactorily 
when infiltrated and embedded in paraffin. The following schedule gives satisfactory 
results: 

. L. Fix the fresh tissues in F.A.A. for about 3 days. Pieces may be left indefinitely 
in this solution if desired. 

2. Transfer to the following alcohol series at 3-hr. intervals—they may be left 
longer in each if necessary—70, 80, 95, and 100 per cent. Change two or three 
times in the 100 per cent alcohol. p [ 

3. From the absolute alcohol transfer through the following xylene series: 25, 
30, 75, and 100 per cent at intervals of about 4 hr. each. The xylene series is made 
up by diluting xylene with absolute alcohol. Make two changes in the pure xylene. 

4. Add a block of paraffin, the volume of which is approximately equal to the 
xylene volume, Allow this to stand:at room temperature for 2 or 3 days. Some of 


the paraffin should remain undissolved. If not, add more paraffin. 
d. chiefly by evaporation. Place the con- 


keep the paraffin melted. Do not get 
It too hot. A glass platform suspended over an electric-light bulb and adjusted 
oe After the xylene has nearly disappeared, 
paraffin and replace with fresh. melted 


Paraffin. Two such changes should remove all the remaining xylene. 


t blocks of paraffin may be cut out containing a single 
cold water. As soon as a thin 


the dish may be completely 


aN Arrange the pieces so tha of pal 
Pecimen. Slowly submerge the container in à pan of 
B Th of congealed paraffin forms over the surface, 
ubmerged. Allow it to remain in the cold w 
congealed. The blocks then may be removed 


lately or stored i itely 
eer ing individual specimens are cut from the large 


- Blocks of i 
; araffin contain! 5 
Piece, Support ien in a clamp or small vise and make freehand sections. Use a 


very sharp razor for sectioning and make the sections as thin as possible. 
8. Place a small drop of egg-albumen fixative, about the amount carried on the 
j lide. With a clean finger smear the drop over the 


ce a drop of water on the smear. Transfer a 


r. or longer. e " z 
9" Remon. the paraffin by placing the slide in xylene for about 10 min. The 


Xylene ma i d may be used over for many slides. 
y be kept in a glass tumbler and may : 

Rinse Sin abectole alcohol and treat as for other freehand sections. 
reparation of Dried Wood for Sectioning: With a saw and sharp knife cut wood 
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into blocks of a size convenient to handle. Trim the end to be s = pi 
the desired section. In cutting the block one must have in mind the E c garaifel 
to be made, transverse (cross section), radial longitudinal (made in a p oben 
to the vascular rays), or tangential longitudinal (made in a plane s rig brem 
to the rays). Drop the blocks in water and boil for 10 min. Transfer : em ro epe) 
cold water and leave until cool. Plunge them quickly into boiling water, a bees 
Repeat the cold-water process. Often they will sink this time. If not, A jeje Sto 
process until sinking occurs. After sinking boil again and plunge the P “ded. 
glycerin. Allow the blocks to remain in the glycerin for 3 to 4 days or € ^ € 
This softens most woods sufficiently for sectioning. Before staining, carefu T be. 
glycerin out of the sections with 50 per cent alcohol or water. Stain as for ste 
roots, S t L af Ti 
Sectioning and Staining of Leaf Tissues À 
1. Cut alena seve of the desired leaf such as privet, lilac, blue myrtle, e 
dozen or more such lengths of pine needles. Tie them in bundles and dip in A 
paraffin which is just about ready to congeal. Repeat the dipping several eo the 
a considerable thickness of paraffin is built up about the leaf pieces. ‘ ME 
paraffin in cold water. Section frechand with a sharp razor blade orona miero aad 
2. Drop the sections into F.A.A. and let stand for 10 to 20 min. or until r 
to use, ; " 
3. Rinse in 70 per cent alcohol and stain in safranine Y for 30 to 60 ey odi 
4. Rinse off excess safranine in 70 per cent alcohol and pass the sections thr 
80 and 95 per cent alcohols. 
5. Stain in fast green for 30 sec., rinse in 95 and 100 per cent alcohols. 
6. Clear in oil of wintergreen or oil of cloves. 
7. Rinse in xylene and transfer to Canada balsam. 
8. Cover with a cover glass, dry, and clean. 
Stem and Root Sections. Safranine-fast Green 
1. Make fresh sections either freehand or with a microtome. T 
2. Transfer to 70 per cent alcohol for about 10 min. For herbaceous struc 
where plasmolysis occurs use F.A.A. 
3. Transfer to 50 per cent alcohol for 3 min. 
4. Stain for 1 to 2 hr. in safranine. 
5. Rinse in 50 per cent alcohol. 
6. Dehydrate in 70 per cent for 3 min. 
7. Stain in fast green for 20 to 60 sec. 
8. 


- Decant the stain quickly and rinse in 95 per cent and absolute alcohols. 


- Clear in oil of wintergreen or oil of cloves for 3 min. 


9 
10. Rinse in xylene. 
11. Mount in Canada 


balsam and cover with a cover glass. 
Iron alum-hematoxyli, 


n-phenol-Bismarck brown im 
1. Transfer fresh sections to 70 per cent alcohol or F.A.A. solution for 10 mm 
2. Hydrate in 50 and 30 per cent alcohols. 
3. Transfer to distilled water. 
4. Place sections in 4 
5. Wash with six cha: 
6. Stain in 0.5 per 
various species. 
7. Rinse in distilled water, 


8. Destain in 2 per cent iron alum until a 
9. Wash in si 


per cent iron alum solution for 10 min. 
nges of distilled water for about 20 min. 


cent aqueous hematoxylin about | min. This will vary for 
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amount of destaining done in step 8. A blue-black color will result in lignified walls, 
nuclei, and especially in middle lamellae. 

11. Rinse carefully in distilled water. 

12. Stain for 1 to 5 min. in phenol-Bismarck brown. The time varies with differ- 
ent tissues and different species. 

13. Rinse in distilled water. 

14. Dehydrate in 30, 50, 70, 95, and 100 per cent alcohols. 

15. Clear in oil of wintergreen or oil of cloves. 

16. Rinse in xylene. 

17. Mount in Canada balsam and cover with cover glass. 

Chemical Test for Common Materials Found in Tissues. Fats, Oils, Suberin, and 
Cutin. Saturate 70 per cent alcohol with Scharlach R (Sudan III) and filter the 
Solution. When tissues containing fats, oils, suberin of cork cells, and cutin (cuticle) 
are treated in this solution for half an hour or longer a pink to red color appears. 
When these fatty substances are not present in abundance, it is best to transfer the 
treated sections to glycerin and observe them by means of a microscope. 

Lignin, Lignin is characteristically present in the cell walls of mature wood. Its 
Presence may be tested for by placing a tissue in 5 per cent phloroglucin for about 
3 min, then treating with 25 per cent hydrochloric acid for 1 to 3 min. A pinkish 
red to deep red color is produced if lignin is present. 

Cellulose, Treat material with chlorzinc iodide for a minute or so and follow 
With 70 per cent sulfuric acid. A blue color is produced if cellulose is present. 

Starch, Apply iodine solution to tissue. Do not heat. If starch is present a blue- 
black color js produced. For most practical purposes this test is satisfactory. 

Owever, narceine produces blue crystals when present; saponarin in solution in 
Some cell saps and amyloid, a membrane material, give a blue reaction when treated 
With iodine, Amylodextrin (red starch) gives a red reaction with iodine. It can be 
Produced when ordinary starch is heated, and is found in the endosperm of sweet, 
Waxy, and waxy-sweet varieties of corn. 

Sugar (Glucose). Fehling’s test (see Chap. 17). a ; 

annin. Make a water extract of tissue to be tested. Add some ferric chloride. 
; black color indicates tannin. Tissue dipped directly into the iron solution will 
Sive the test, 
, TOtozoa. Temporary Preparations. Large forms of protozoa such as parame- 
Cium, large amoeba, opalina, etc., are best observed in a drop of their culture 
medium without a cover glass. Care must be taken to avoid attempts at using an 
Objective as high powered as 4 mm. because its focal distance will bring it within 
the top of the liquid. In the study of such living organisms there is a use of the 
Microscope which is frequently overlooked. An amoeba, for example, has practically 
no Color and as seen with light transmitted from a mirror it seems to have but two 
dimensions. If a dark field is produced by completely closing the diaphragm under 
the Stage and a strong light placed so thateit shines down upon the specimens from 
above, the amoebae immediately assume a third dimension (depth) and are trans- 
°rmed into snow-white objects. They are beautiful but opaque, which means 
that for internal structure it is necessary to use the transmitted light. : 

» 4Dy protozoa, especially the ciliates, which are most abundant, can be lightly 
Stained With neutral red by placing a little of this nontoxic dye in a drop of culture. 

orms like paramecium absorb it, staining heavily such structures as food vacuoles 
and food particles. Sometimes it brings out clearly the cilia, which usually are 
difficult to see, The stain does not kill the animals, and they continue to swim 
about actively. Methylene blue can be used in like manner for some organisms. 
*rmanent Mounts. Kill some of a highly concentrated culture of protozoa. 
Tansfer a drop of material containing numerous individuals to a microscope slide 


298 SOURCES, PREPARATION, AND USES OF MATERIALS 


which has been previously smeared with albumen fixative. Allow this to evaporate 
without heating until just a film of moist fixative remains. The protozoa will adhere 
to this and the slide may be run into the stain (hematoxylin-cosin) and then into 
35, 50, 70, 95 per cent and absolute alcohols and then into xylene. Two minutes in 
each alcohol is sufficient. As the xylene dries add the Canada balsam and cover 
with a cover glass. 

Sponges. Some of the small sponges known as calcareous sponges (such as 
Scypha) have skeletons composed of needlelike spicules. If such a sponge is placed 
in a small porcelain dish or beaker with a little hot solution of caustic soda or 
caustic potash (NaOH or KOH) the organic matter will be dissolved, leaving @ 
small residue of spicules looking like splinters of glass. These may be exam- 
ined in a drop of water, or they may be dried and then stuck to a micro- 
scope slide on which has first been placed a thin smear of balsam. No cover 
glass is needed. 

If very small bits of common bath sponge are dipped into cedarwood oil or 
xylene, then touched to a piece of paper to remove excess oil, and laid on a drop 
of balsam, they will sink into the balsam with but few air bubbles, They may be 
covered with a cover glass and dried. The natural brown color of the spong!” 
skeletal material is readily visible without staining. 

Uncovered Mounts of Dried Objects. Some small organisms, or their skeletal 
Parts, are seen to advantage when mounted whole, If the form is angular OF 
aborescent it may be difficult to mount under a cover glass. Such things as fish 
scales, the skeletons of bryozoa, sponges, the hard parts of insects, such as the whole 
head of a fly, and the like, may be cleaned and mounted on a microscope slide by 
placing the object upon a small thin drop of Canada balsam and setting it aside to 
dry. These things are large and too opaque for transmitted light and must be 
examined under a reflected beam. They also require low magnification with which 


dark-field background gives a binocular effect which is often a decided advan- 
age. 


Compound Eyes of Insects. The compound eye of an insect such as a fly, dragon- 


fly, or grasshopper is large enough so that it can be partly peeled and the outer 
layer showing facets removed. Cut through the eye surface with a safety-razor blade 
and try to get the outer surface to loosen over a small area. If this does not secm 
to work, try making a very thin slice, the edges of which will be thin enough to 5^ 
clearly with a microscope. Such a preparation can be made permanent in the same 
manner as given for hair, feathers, and scales. 

Whole Mounts of Small Insects, Mites, Ticks, Etc. Many animal forms do 
require staining for serviceable mounts. Thoroughly dehydrate each specimen i 
an alcohol series, clear in oil of wintergreen or oil of cloves, allow to stand a few 
minutes in xylene and mount in Canada balsam. A very interesting collection ca^ 
be prepared in this way, Parts dissected from large forms may be prepar 
similarly—mouth parts of a honeybee, wings, legs, stinger, etc.; eye of a house » 
wings, legs, mouth parts, portion of abdomen, etc.; scales from, moth. and butte y 
wings, antennae, eggs of smaller forms, etc. 3 


pee of Common Mussels. When adult clams or mussels are collected and 
tte or preserved to be used later, one should always examine the gills carefully, 
roni Ter a v ra tps n swollen it is reasonably certain that they are fille 
arvae (glochidia) of the cl à ara 5 
glochidia will be set free like minus car," Portion of the gill is torn open. 


not 


glochidia may be dehydrate 
ferred to xylene, 


d in an alcohol series (50, 75, 95, 100 per cent); trans” 
carmine or hematoxylin may be used. No'staining de necessary 


but alum 
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Tapeworms. These parasitic worms are frequently found in dogs, cats, and rats 
and may be obtained in large numbers at times from slaughterhouses where they are 
taken from pigs and sheep. To remove them from a fresh intestine without 
breaking the worms and losing the most interesting part, the scolex, pass a quantity 
of very warm salt water through the intestine. This usually causes the worms to relax 
their hold and to pass out. They may be killed in the relaxed condition by placing in 
water and slowly heating to about 60°C. They may be fixed in cold corrosive sub- 
limate (bichloride of mercury) 7 per cent or formalin 6 per cent. Tapeworms may 
be preserved entire and used in wet mounts as needed, but the internal structures 
are best made visible as follows: 

1. Cut the worm into small pieces of one or two complete proglottids, according 
to size. The mature proglottids are best. Place in a dish and wash to remove the 
fixative or preservative. 

2. Carefully remove the scoleces with a few adjacent proglottids. Keep these in 
à separate dish. 

3. Stain in either Delafield's hematoxylin or alum carmine. The staining time 
Will have to be watched carefully and varied with the size of the part. If staining is 
done in a shallow glass dish, such as a watch glass, it may be placed upon the 
microscope stage and the degree of staining watched. If the small and large parts 
are kept separate they can be stained uniformly. i 

4. Dehydrate the scoleces and proglottids separately in an alcohol series up to 
90 or 95 per cent, clear in oil of wintergreen and mount directly in Canada 
balsam. The proglottids should be mounted separately from the scoleces because 
9f the differences in thickness. n 

Skin Cells (epithelium). If a frog or mud puppy is placed in a pan or jar con- 
taining 1 in. of water and allowed to stand for several hours, the water becomes 
cloudy with thin flakes and strings of the epidermis or outer layer of skin. Lift a 
small piece of this material out and place in a large drop of water on a microscope 
slide, If manipulated with pin points it can be made to float out into a sheet, stain 
with fountain-pen ink for several minutes and then cover with a cover glass and 
examine, The regular pavementlike cells with straight sides and definite nuclei 
Make excellent illustrations of cell structure. ! k 

he unused pieces of skin should be placed in 5 per cent formalin to which has 
een added 10 per cent glycerin. It can thus be kept and used at any time. Similar 
Material can be obtained from the membrane of the human mouth. Use a very dull 
nife or a sharp-edged paddle (a toothpick will do) and scrape the inside of the 
cheeks, Wash the mucus so obtained in a drop of water or smear it on a dry slide. 
tain with fountain-pen ink (methylene blue or neutral red) and mount in 
Water, Cover with a cover glass and examine the entire field carefully with high 
power (4-mm. lens). Small groups or isolated cells should appear here and there. 
his is an attractive demonstration for clementary students, as it shows the cellular 
“haracter of their own bodies. red du 
< üe epithelium cells of many animals possess small hairlike projections called 
cilia. Ty most forms the ciliated cells are restricted to certain regions of the body. 
n man the trachea and some other internal organs are lined with such cells. For 
emonstrating to a class it is desirable that the tissue be obtained while it is still 
alive in order that the waving action of the cilia may be seen. Such tissue can be 
Procured from the trachea of any freshly killed mammal or from the throat cavity 
ofa frog. The latter is probably the most convenient source. 

is soon as the frog has been pithed, split the jaws at the corners of the mouth 
Until the throat cavity is clearly exposed. Turn the lower jaw and throat back so as 
to expose the dorsal surface of the throat. Wash away any blood that may be 


Present, Place some very small pieces of wood about the size of a pinhead, or any 
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other small objects, on the posterior portion of the dorsal surface of the throat. 
Watch these for a few minutes and they will be seen to move slowly toward the 
mouth, or anterior region. This is accomplished by the ciliary action. Next place 
the frog under a microscope so that this region can be focused upon, and if a strong 
light can be arranged to shine down upon the surface of the membrane the wavelike 
movements of the cilia are quite visible. 

Blood Cells. Temporary preparations of blood are best for elementary use. 
White cells can be obtained from pimples or other infections that are “coming to a 
head." Pus from a very recently festered source is best. Place a small droplet of 
blood on a slide. Prepare a very thin film from the blood by dragging the edge 
of a cover glass through the droplet (see Chap. 18). Place a drop of fountain-pen 
ink diluted with water on the blood smear. This will stain the cells slightly. Even 
without the staining, the red cells will appear to have lost their red color. The 
irregular cells, often containing more than one nucleus, are white cells. 5 

Prepare a thin blood smear and allow it to dry in air. Add enough of Wright's 
stain to cover the smear completely and allow it to stand about 1 min. Dilute this 
drop of stain by adding slowly, one drop at a time, an equal amount of distilled 
water. Let this stand about 3 min. and wash in water. Dry between two pieces of 
filter paper. Mount in thin balsam. This staining helps bring out the white cells and 
the nuclei. . 

Hair, Feathers, Scales, Etc. The hard, dry outgrowths of animals such as hair, 
wool, feather, and scales can be observed dry or in water, but permanent mounts 
are made without difficulty. Take the hair, feather barbs, or small fish scales and 
place them in cedarwood oil or xylene for a few minutes. Lift them out, draining 
off excess oil, and immediately lay them on a drop of Canada balsam on a micro- 
scope slide. Cover with a cover glass and set aside to dry. 

Striated Muscle. Excellent preparations of ordinary striated muscle can be mad. 
even by a student. Place !4-in. cubes of the leg muscles of a frog (small pieces 9 
beef or any other vertebrate will do) in 6 per cent formalin for 24 hr. or longer. 
The material can be kept indefinitely in this preservative. From one of these pieces 
remove a small shred no bigger than a heavy thread. With two pins tear and fray 
this shred in a large drop of water. Cover with a cover glass and examine under 
high power (4-mm. lens). It is important that the direction and intensity of light be 
carefully adjusted in order to emphasize the striations. The more finely divided 
the tissue is the better the preparation will be. A little ink from a fountain pen 
placed in the drop of water may be found to stain the fibers and increase the vist” 


bility of striations. This does not show nuclei unless Delafield’s hematoxylin is use 
as the stain. 


Preparation of Reagents 


Fixing Agents. Formalin-acetic acid-alcohol (F.A.A.). This is one of the sim- 
plest and most usable fixatives or preservatives for simpler plant and anima 
preparations. It is advantageous for the following reasons: materials are easily 


procured; it is a rapid penetrator; it will fix large volumes of tissue as compared t^ 
volume of liquid; it keeps indefinitely; 


i tissue fixed in it does not have to be washed 
in water before dehydration and may be transferred directly to 70 per cent alcohol 
(ethyl or grain) ; tissues may be kept in it indefinitely without injury; and it is a end 
SU preservative for museum specimens. Two formulas arein common us? 
as follows: 


Alcohol (ethyl or grain) 50 per cent 
Formalin (commercial) 
Glacial acetic acid 
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Alcohol (ethyl or grain) 70 per cent 
Formalin (commercial) 
Glacial acetic acid .........2e 


Other variations of the above formulas are occasionally used. 
Transeau’s Algal Preservative. This is an excellent fixative for most blue-green 
and green algae. The formula is as follows: 


Water cassie tates sa ates boc Vite stets ein gine wast eig ein 6 parts 
Alcohol (ethyl) 5 
Formalin (commercial) ...... rrtt 


The addition of glycerin equaling about 5 per cent of the total volume will prevent 
complete drying out of specimens when the liquid evaporates because of an unsatis- 
factory stopper. 

Absolute Alcohol. This is occasionally used alone*as a fixative. If not available 
locally, it may be easily prepared from stock 95 per cent alcohol (ethyl) as follows: 
Ina crystallizing dish heat some powdered copper sulfate to drive off the water of 
crystallization. When this process is complete the powder is of a dirty white color 
instead of blue. Pour this into the alcohol (roughly 1 part copper sulfate to 10 parts 
alcohol), shake, and allow to stand in a tightly closed container for 3 or 4 hr. or at 
least until all the copper has settled out. Decant the clear liquid into a clean dry 
bottle and keep tightly stoppered. Absolute alcohol will absorb moisture from the 
air if left exposed. It is wise to test a sample of the alcohol before removing all of 
it from the copper to see if it is water free. This may be done readily in two ways: 
(1) by placing about 5 cc. of the alcohol in a test tube and adding two or three 
drops of xylene (xylol). If much water is still present a milky color will appear. 

A more sensitive test is made by potassium permanganate. Drop three to four 
crystals in 5 cc. of the alcohol. If water is present a purple color will appear. 


Acetic Alcohol 


Glacial acetic acid 
Absolute alcohol 


Stains, Belling’s Iron, Acetocarmine. Dilute glacial acetic acid to 45 per cent with 
distilled water. Heat to boiling point and add 0.5 g. of carmine to each 100 ml. 
Certified carmine (NCag) has given particularly good results. Continue the heating 
In a reflux condenser or stoppered bottle for 30 min. or more. Cool the solution and 

lter. A good stain does not always result. One continues to make stain until a 
product iis obtained which stains satisfactorily. A good stain properly used results 
in darkly stained chromosomes and nearly colorless cytoplasm. Once obtained, a 


800d stain remains good for years. 


Alum Carmine 


1 part 
2 to 3 parts 


Boil for 20 min. and filter after cooling. : . 
Delafield’s Hematoxylin. Saturate 100 cc. of distilled water with ammonia alum 


aluminum ammonium sulfate) and filter. Dissolve 1 g. of hematoxylin crystals in 

S cc. of absolute alcohol. Add the hematoxylin solution drop by drop to the 
ammonia alum solution. Place in a beaker, covering with cheesecloth, in a well- 
lighted situation for 15 days. Then add 25 cc. of methyl alcohol and the same 
amount of glycerin. The solution should have a dark bluish-purple color. It is ready 
Or use after filtering. If not contaminated this dye will remain in good condition 
Or a year or more. 
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Fast Green F C F 


* Fast green crystals «ise 0.2 g. 
Alcohol (ethyl), 95 or 100 per cent 


Gram’s Aniline Gentian Violet. Dissolve 2.5 g. of crystal violet (gentian violet) 
in 12 cc. of 95 per cent alcohol. Add 100 cc. of aniline water. The aniline Mp 
prepared by saturating water with aniline oil. Pour the oil in distilled water, shake 
it vigorously, allow it to stand overnight, then filter. 

Hematoxylin (Aqueous) 


Hematoxylin crystals 4... esee 0.2 g. 


Heat 100 cc. of distilled water to boiling, remove from flame and add the dye 
when boiling stops. It is read} for use as soon as the solution cools. 


Loeffler's Methylene Blue 


Saturated solution of methylene blue in 95 per cent alcohol ...........- E 9 cc. 
Aqucous solution of sodium hydroxide, 1 part NaOH to 10,000 parts of dis- jd 
Gies! vous oue Ten qu NM cm TTE IE 30 cc. 


Lugol's Iodine Solution 


listino "ee S s EU comam 
Potassium iodide ... 
Distilled water 


Neutral Red. A 5 per cent solution in distilled water is approximately a saturated 


: : sa in 
solution. However, a much more dilute solution is commonly used, especially 
vital staining. It is not toxic to living cells. 


Phenol-Bismarck Brown Y or G (Aniline Brown) 
Bismarck Brown Y 


an CER D ERECIE OH RC TED QUO 1g. 
mDisplledWwatentbe. «cu dm. ctt ue a eua Varta 100 cc. 
BHerol'(carboliehacid) 1/89. sve Mene rer meistens 5g. 


If concentrated liquid phenol is available instead of crystalline form, use 5 cc- Allow 
the above mixture to stand for 2 to 3 hr. or longer, then filter. 


Phloxine 


Sudan III (Scharlach R). Saturate 70 per cent grain alcohol with the Sudan I! 
and filter. 


Wright's Stain. This blood stain can be obtained from drug and supply cord 
panies. This stain is rather difficult to prepare. 


Other Reagents. Acid Cleaner 


bülfüriccacid; (commercial) dieses ie RF)... 400 cc. 
Potassium or sodium bichromate, enough to make a saturated solution. 
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This reagent may be used over several times for cleaning glassware. When a greenish 
color develops, it has lost its cleaning properties. 


Glycerin Jelly 
Gelatin, best grade «8n 10. e 
Distilled water 30; ice 
GIy ceria, «sies vie spans on xD EE EP qe pron ME ts 96 cc 
Phenol (carbolic acid) .... 0t 0.05 g. 


Allow the gelatin to stand in the water for 2 to 3 hr. or until very soft. Then add 
the glycerin and phenol. Warm in a water bath (double-boiler arrangement) until 
all the gelatin melts. Stir while heating. While the mixture is still warm filter 
through fine-meshed cheesecloth. 


Mayer's Albumen Fixative 


Egg albumen (the thicker portion may be discarded).. 25 cc. 
Glücerlb «nce iti n gees cde ie TE IG Uc 
Phenol (carbolic acid) crystals -++ «n8 5 05g 


Filter through linen or fine cheesecloth. 


Jeffrey's Maceration Solution 


A. Nitric acid (10 per cent in water) +s.. eveseet- 100 cc. 
B. Chromic acid (10 per cent in water) : 


Solutions 4 and B are to be mixed just before using for macerating stems, roots, 
and leaves, 

Phloroglucin. Use a 2 to 5 per cent solution in distilled water or 70 per cent 
Alcohol. The commercial material is rather expensive. A very satisfactory evasion 
Of cost is to make your own extract. Fill a 500 cc. beaker three-fourths full of stems 
and bark from the wild black cherry (Prunus serotina). Cover with distilled water 
and boil for an hour. Filter and use the aqueous solution the same as commercial 
Material. Some alcohol may be added to preserve the solution 


Chlorzine Iodide 


Potassium iodide 50 g 

Jodine sumas ii enmt 0.5 g. 

Distilled! Water: uw «oca gann vin tirs senti EE TUN 140 cc 

Mix the above first, then add 300 g. of zinc chloride. 

Zitcldiülotid& aow eatin tee dirette eee sov r1 g 

Potassium iodide i 8 

Iodine iu a.nmcie TT Sare "n g- 

inled water s vo uee eg eun eg sir a ne n e 5 cc. 
Todine for Starch Test 

Tone € 224 eh aae ie AE eE USE us g- 

Potassium iodide z: Wert 100. 8- 

Denied Water ryp re e Ee cem ERR nue cc. 
Cellulose Acetate 

Cele acetate. larn) e ea nng ves Sep alt rp 12g. 

ellulose acetate (dry) Stamey ro rM T Too 


Acetone: 7i cares pea nihere QUEE , 
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ulose acetate (dry) is not in stock, old photographic negatives may be substi- 
E Clean the d from the negatives by washing in hot iabingsoGt wes 
The cellulose acetate solution has many uses about a laboratory. It is serviceable 
in repairing broken glassware. Broken edges may be cemented together «X A 
When stoppered vials are dipped in it and allowed to dry, the corks are hel = 
place and waterproofed. It is serviceable also for fastening pieces of plant tissues 
to blocks for sectioning. . ; "-— 

Quick, Easy Way to Label Slides. Prepare a very dilute solution of is ^ 
balsam, diluting with xylene. With the solution paint the end of slide to be obee . 
Allow to dry slightly. Write directly in the undried balsam with India ink. pine 
coat may be given after the ink dries. The balsam should be dilute enough to ary 
within a few minutes after application. This also proves useful in the preparation 
of lantern-slide diagrams. 

Paraffin-Gum Mastic Sealing Mixture. Heat equal parts of paraffin and a 
mastic. Thoroughly stir the mixture. Allow the mass to cool. It may be applic 
to edges of a cover glass by means of a heated wire. It is convenient to have a a 
length of the wire at one end bent at right angles. This end is heated and place 
the paraffin-gum mastic. Enough adheres to the wire to be carried to the edges © 
the cover glass. It will solidify upon cooling. 
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CHAPTER 15 


E Photosynthesis p 


3 Twenty million kilocalories (kcal) of light (radiant) energy is received 
kd by each area of 40,000 sq. ft. (slightly less than an acre) of earth sur- 
ace. Most of this light energy is quickly dissipated in various ways, with only 
a relatively small amount (in terms of tenths of 1 per cent) being trapped 
(absorbed) by green plants, and is transformed into potential (chemical) 
energy, accumulating in sugar made in these plants. Each person, on the 
average, uses about 3,000 kcal from food every day and 146,000 kcal from 
coal, gas, oil, gasoline, etc., or a total of about 150,000 kcal of energy per 
ay. 
MS chaynthesis is the process by which green (chlorophyll-bearing) plants 
is sorb some of this light energy, causing carbon dioxide and water to com- 
ine chemically, forming eventually a simple (hexose) sugar such as glucose, 
and oxygen is set free. This may be expressed in a condensed form as follows: 
LT Æ carbon dioxide, when in green plant cells and exposed to light, 
orm sugar + free oxygen. If the words representing the materials are con- 
verted into chemical symbols, a balanced equation results which is more 


Meaningful, as follows: 


6H;O di 6CO» 674 kcal light energy CeH1206 T 602 


chlorophyll in plant cells 


The understanding may be enhanced by rewriting the equation in quantita- 


tive terms of gram molecular weights, as follows: 
10; 674 kcal light energy 
8 g. H2O + 264 g. CO2 — rg in plant cells 180 g. CoH12O6 + 192 g. Os 
ina 180 g. of sugar is oxidized (burned) in a laboratory crucible or in cells 
to h e human body, 674 kcal. of chemical energy from the sugar is converted 
eat energy. This heat energy can be measured experimentally. 
Sok haps this may be illustrated more effectively by tommon personal 
thea he in which the potential or stored (chemical) energy resulting from 
ur photosynthetic process is released and used by man. In the autumn one 
ay rake up the plant trash which has accumulated from the lawn and 
Sarden and dispose of it by burning. Although the fire is of short duration, 
is released. This heat energy was con- 


aia table amount of heat energy 

ied from the light energy which was absorbed by the garden and lawn 
F ants during the past summer. Warmth from a wood fire is converted sun- 
ight energy which fell on the tree during many growing seasons, ranging 
Perhaps from 20 to 100 years or more. Homes heated by the combustion of 


i 305 


306 SOURCES, PREPARATION, AND USES OF MATERIALS 


coal are kept warm by the stored energy from light energy trapped by the 
photosynthetic process in a carboniferous forest some 300 million years ago. 
The energy a person obtains from eating table sugar (sucrose) is converted 
light energy which was stored in either sugar-cane or sugar-beet plants 
during one growing season. The starch found in abundance in most bread 
and potatoes when digested becomes sugar. This sugar may then be oxidized 
(respired), the released energy having been stored during one growing 
season from wheat and potato plants. 

All the more complex carbohydrates are synthesized entirely from the 
simple or hexose sugars such as glucose. Some of the more common ones are 
starch, cellulose, pectin, lignin, inulin, and complex sugars such as sucrose 
(table sugar). All fats, their intermediates the fatty acids and glycerin, and 
all fat derivatives are synthesized from sugar in both plant and animal cells. 
Proteins are composed of about 85 per cent sugar. The remaining 15 per cent 
is made up of nitrates, sulfates, and occasionally phosphates. These salts of 
nitrogen, sulfur, and phosphorus ordinarily come from the soil. It should be 
evident from this that sugar is involved in the synthesis of all organic 
material. 

_ So far, only sugar as a product of the photosynthetic process has been con- 
sidered. However, the equation presented previously, representing the over- 
all photosynthetic process, indicates that with every 180 g. of sugar made 
192 g. of oxygen is released from the green plant. The earth’s atmosphere 
(air) contains approximately 20 per cent oxygen. The respiration (biological 
oxidation) of all living organisms, with very few exceptions, is dependent 
upon this supply of free oxygen. If the supply of oxygen is not constantly 
available, the organism dies of suffocation. In addition, all other oxidation 
processes, mostly free oxygen from the atmosphere, are used as in the burn- 
ing of coal, oil, and gas. Photosynthesis is the process in nature which 1s © 
great importance in maintaining a rather constant supply of oxygen in the 
atmosphere. From what has been said here and from other available 1?" 
formation, one must necessarily conclude that photosynthesis is one of the 
most important biological processes occurring in nature. Yet, when in 1942 
a national survey was made of biology courses in the secondary schools as 
to subject content, only 13 out of 1,086 replies claimed some attention given 


to the process of photosynthesis. The following demonstrations are suggeste 
in an effort to overcome this serious situation. 


STARCH IN PLANT TISSUES 


Botanists and biochemists have more or less agreed that a simple sugar 5 
the product of photosynthesis. However, hemia tests to demonstrate this 
with absolute certainty are somewhat difficult. The presence of starch, which 
is usually synthesized immediately from glucose] ordinarily is taken to inar- 
cate that photosynthesis is occurring, or has taken place very recently: 
The following demonstrations have been prepared upon this basis. 


A Test for Starch. Starch is soon present after photosynthesis occurs in leaf and 
stem tissues, Starch may be produced in the chlorophyll-bearing tissues, OY the 
glucose may be translocated from the chlorenchyma to chlorophyll-free tissues 9 
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the plant and there synthesized into starch. Starch is a common storage product in 
numerous tissues of green plants. 

Materials. Cornstarch; wheat flour; white potato; water; air-slaked lime; iodine 
solution; 1 piece of ordinary muslin; piece of paper toweling; notebook paper; four 
test tubes. 

Add a few drops of iodine to a test tube of water. Note the amber color. Mix 
some lime in a test tube of water. Add a few drops of iodine. Shake and note the 
yellowish-amber color. Mix a small amount of cornstarch in water. Add a few 
drops of iodine. Note the blue-black color which indicates the presence of starch. 
Add a few drops of iodine to a fresh slice of potato. Note the color change. Place a 
few drops of iodine on the muslin, paper toweling, and notebook paper. Watch for 
color changes. 

A blue-black color indicates the presence of starch. The amber, or ordinary 
diluted iodine color, indicates an absence of starch. However, if the starch is present 
only in minute quantities, the blue-black color may not be apparent to the unaided 
eye but can be seen with a microscope. Such examination is often useful when 
Studying leaf, stern, and root tissues. 

If a starch paste is made of the cornstarch or wheat flour before testing, the paste 
must be cooled to room temperature. At high temperature the iodized starch (the 
blue-black compound) is not formed. The starch test also may be successfully 
applied to plant tissues preserved in formalin or alcoholic solutions. 

Manufacture of Starch in the Chlorenchyma. Variegated leaves and certain 
others have tissues which do not bear chlorophyll. The iodine test applied to such 
tissues usually shows an absence of starch. É 

Materials. A yellow coleus (elm, maple, geranium, or other available green leaf); 
Several variegated leaves of the Trailing Queen coleus; iodine solution; grain alco- 
hol; source of heat—electric hot plate is best. The yellow coleus of florists is also 
sold as Golden Bedder coleus. It is easily grown and serves splendidly for this 
Purpose, The Trailing Queen coleus is a very common variety with small leaves 
showing white, red, green, and purple areas. If 95 per cent grain alcohol is not 
available, ordinary medicated or rubbing alcohol may be used successfully. 

eat some water to the boiling point. Drop a yellow coleus leaf into the hot 
Water and allow to remain for 2 to 3 min. Transfer the killed leaf to grain alcohol. 
sults will be greatly hastened if the alcohol is heated. It is dangerous to heat the 
alcohol over an open flame since the alcoholic vapor may become ignited. For this 
reason it is highly preferable to use an electric hot plate. Note the disappearance of 
the chlorophyll from the leaf tissues. When the leaf is white, dip in cool water to 
rinse off and displace the alcohol. Spread the leaf out on a glass plate or other flat 
Surface and cover with iodine. Repeat this procedure with variegated coleus 
leaves, When the yellow coleus leaf is placed in hot water, note that the chlorophyll 
is not removed, indicating that chlorophyll is not water soluble. Chlorophyll is 
Present throughout the entire leaf and in the living organ is masked by the xantho- 
Phyll. When the hot-water-treated leaf is placed in alcohol, the chlorophyll is 


1 s d 
Formula for iodine solution used in the starch test: 


Iodine (crystals) 

Potassium iodide 

F Mater T vestige cc sete steele 

Tincture of iodine also may be used. In a 
formula for it is as follows: 

Iodine ....--+++++ 

Potassium iodide 

Grain alcohol (95 per cent) 


ddition it is also valuable as an antiseptic. 
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i iffuses out into the solution. When the decolorized leaf is placed i 
oe E blue-black color appears ín all chlorophyll-bearing tissues, indi 
i ence of starch. E 
Plon akd coleus leaf with its yellow, red, purple, and green eR 
placed in hot water, the red (anthocyanin) and purple (anthocyanin) bn p secat 
dissolved out. The purple pigment masks chlorenchyma, but no chlorop y ji s 
tissue is found in the yellow and red areas. After chlorophyll is Haec. p i pons 
green areas (chlorenchyma) and iodine is applied, the presence of starc is _ 
strated readily in the chlorenchyma, none appearing in tissue which ee eas 
colored yellow and red. This indicates that chlorenchyma is necessary before s zi 
can be manufactured and that chlorophyll is essential before the process can eni af 
Do Red-leafed Plants Have Chlorenchyma? If available, treat a bright red h 
of blood leaf (Iresine) in hot water. The red pigment is removed cip WS 
boiling water. The treated leaf is bright green. While the leaf was living, vibe "od 
phyll was masked by the anthocyanin. Starch can be demonstrated throughou 
leaf after the chlorophyll is removed. 
“The Necessity of Light in Starch Manufacture. Many thousands of ME = 
invested in greenhouses throughout the colder part of the world. This is 0 E 
it possible to cultivate plants out of season and for tropical plants to be Y 
northern regions. Glass houses must be used for this purpose since light is nece 
before photosynthesis can occur. 4 s 
Material. A coleus plant which has been kept in a dark room or light-tight box 
for 2 to 3 days; another coleus plant which has been kept in sunlight or u 
electric light for a day or so; water; grain alcohol; iodine; source of heat. — 
Test a leaf from each plant for starch. No starch is present in the leaf whic light. 
kept in darkness, while starch is found in the leaf which has been exposed to ent 
Chlorophyll is present in both, and environmental conditions were the same e 
for light. Therefore, light must be necessary in the process of eng ba be "s 
The same phenomenon may be demonstrated readily by covering a single lea fail 
a coleus plant with black paper or aluminum foil. In the paper or aluminum me 
cut out the word “starch” or some geometrical figure such as a star. Carefully ea s 
the leaf with the paper or aluminum foil, holding it in place with ordinary S ite 
paper clips. The only part of the leaf exposed to light is the arca directly oppo in 
the opening made in the paper or aluminum foil. Allow the plant to remain s 
sunlight for 2 days. An uncovered leaf, when given the iodine test, will show star 
throughout. The covered leaf shows starch only in the exposed areas. i 
Disappearance of Starch from Green Leaves. When green plants are kept. 5 
the dark of poorly lighted places, they eventually die. Death is due to starvato 
since photosynthesis cannot occur in the absence of sufficient light. ight- 
Materials. A coleus plant which has been in sunlight for at least a day; lig 
tight box; materials for starch test. e 
"Test a leaf for starch. Then keep the plant in the dark for 2 to 3 days and He 
another leaf for starch. The first leaf shows the presence of starch in the ees 
The second leaf from the plant, after being in darkness, should show no stars 
Disappearance of the starch under such conditions is due usually to digestion toe 
translocation of the resulting sugar to the stems or roots. This sugar may 
oxidized in the process of respiration, or it may be @econdensed into starch. 


CARBON DIOXIDE IN RELATION TO PHOTOSYNTHESIS 
Necessity of Carbon Dioxide in Photosynthesis, 
synthesis, is a carbon compound. The carbon is ‘de 
in the process of photosynthesis. Coal is a fossilize 


Glucose, the product of photo- 
rived from carbon dioxide EEA 
d plant product and has a hig 
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percentage of carbon in its composition. This carbon also came originally from 
carbon dioxide used in this process. 

Materials. Three coleus plants which have been kept in the dark until starch 
free; a bell jar (battery jar, aquarium, or other glass container which can be sealed 
airtight); materials for starch: test; petroleum jelly; carbon dioxide generator; 
wooden box as shown in Fig. 15.1. 

Place one of the starch-free plants under a bell jar and with it a glass container 
With about 250 cc. of 20 per cent aqueous potassium or sodium hydroxide. Seal the 
bell jar to a glass plate with petroleum jelly to make it airtight. The potassium or 
Sodium hydroxide solution will remove 
any carbon dioxide from the enclosed 
atmosphere under the bell jar. Place a poy — 
second starch-free coleus plant under a jor j 
bell jar, sealing it to a box through which 
a gas inlet is passed to the inside of the 
Jar; allow the third plant to remain un- 
covered. Place all three plants side by side 
in the sunlight. Allow carbon dioxide from 
the generator to enter the bell jar on the 
box for 15 sec, every 5 or 6 hr. After 2 
days make the starch test on leaves from 
all three plants. If starch is found in the 
uncovered plant and also in the covered Fio, 15.1 Apparatus for introducing 
Plant, to the atmosphere of which was extra carbon dioxide to the atmosphere 
added carbon dioxide, and not found in of a plant. 
the other covered plant which received no 
carbon dioxide, the inference that carbon dioxide is necessary in the process of 
Photosynthesis becomes apparent. 

Rate of Photosynthesis as Affected by Addition of Small Amounts of Carbon 

oxide, From the above experiment it was apparent that an absence of carbon 
dioxide prevented the process of photosynthesis. It should be remembered that if 
carbon dioxide is increased to 8 per cent of the atmosphere about a plant it becomes 
toxic for many species. : 

Materials, A quart or Ye-gal. fruit jar with several elodea or Vallisneria plants 
Tooted in sand and submerged in water. These should stand for a week or two 
3 become well established. A carbon dioxide generator (see Chap. 13) is also 

seful. 

Place the jar aquarium in bright sunlight and watch for chains of bubbles arising 
rom the leaves. As will be shown in another experiment, the gas of these bubbles 
contains oxygen. Count the number of bubbles which escape per minute. Then 
add some carbon dioxide (a dozen or so bubbles) from the generator. If this 
Apparatus is not available, blow through a glass tube into the water. Make a recount 
of the gas bubbles escaping from the leaves. An increase in the number of bubbles 
escaping per minute indicates roughly an increase in the rate of photosynthesis. 
. hen manure is added to soil about growing plants, there may be a sudden increase 
Mm growth which cannot be accounted for by the addition of available minerals. 

€ increase in available carbgn dioxide will explain the increased growth rate 


ünder such conditions. 


LEAF STRUCTURE IN RELATION TO PHOTOSYNTHESIS 


Leaf Structure and Its Relation to the Entrance of Carbon Dioxide. Since car- 
On dioxide is a gas, it must enter the leaf through cell walls or openings by the 
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process of diffusion. To get an idea of its path of movement into and through the 
leaf tissues, it is necessary to know something of general leaf structure. 

Materials. A permanent microscope slide of a cross section of some leaf such as 
privet or lilac is desirable for study. If not available, satisfactory cross (transverse) 
sections may be made with a sharp safety-razor blade and the hand microtome 
described in Chap. 18. Dip a small bundle of leaf pieces in melted paraffin, cool, 
and dip again. Continue the dipping process until a block of paraffin is built up 


about the leaf pieces sufficiently thick to hold them together while cutting. Place. 


this block in the microtome and section as thin as possible. Place the leaf sections in 
water. The paraffin will separate from the tissues. Mount the sections in a drop of 
water and examine under medium- and high-power objectives of a microscope. 

The epidermal layers of many leaves may be pecled off without difficulty from 
the chlorenchyma. For this purpose common plantain, a weed in most lawns, 
leaflets of the Boston fern, head lettuce, patience dock, wandering Jew (Trad- 
escantia zebrina, Zebrina pendula), English daisy, broad-leafed sedums, and many 
others will give satisfactory results. Wilting of the leaves often makes the stripping 
process easier. This is particularly true of the wandering Jew. This plant wilts 
slowly, however; so it is usually necessary to cut off a few branches and leave them 
exposed to dry air for a day or so. To remove the epidermal layers, wrap 4 leaf 
abou* the forefinger of the left hand and with forceps, a knife, or thumbnail of the 
right hand, gouge into the leaf and strip the tissue in a plane parallel to the leaf 
surface. A little practice will soon enable one to obtain epidermal pieces free of 
the chlorenchyma and sufficiently large to demonstrate its structure under a micro- 
scope. Mount the strips in a drop of water and examine with the medium- and 
high-power lenses. Compare the upper and lower portions of the epidermal layer. 
The wandering Jew has no stomata in the upper surface. The Boston fern has them 
in both the upper and lower surfaces. Ordinary epidermal cells do not have chloro- 
plasts. However, the Boston fern and some varieties of head lettuce do have a few 
chloroplasts in these cells. 

Escape of Gases through Stomata. Certain experiments dealing with photo- 
synthesis indicate that carbon dioxide is necessary before photosynthesis can occur 
and that the gas enters through the epidermal surface containing stomata. Further 
proof'as to the relation of stomata to gascous diffusion may be illustrated by the 
following experiment. 

Materials. A thick leaf of some species such as Bryophyllum or one of the broad- 
leafed sedums (live-forever) ; beaker; water; source of heat. i 

Drop the leaf in water near the boiling point. Note the bubbles arising from 
points rather regularly distributed over the epidermis. These bubble streams 
correspond to the location of the stomata. Heating causes the cool gas in the inter- 
cellular air spaces of the leaf to expand and escape through the stomatal openings: 
In some delicate organs such as elodea leaves, fern gametophytes (prothallia) an 
moss protonemata, moss.scales (so-called leaves) and algae, the carbon diox! e 
B Mgr ek. There are no stomata in such structures. "kb 

arbon Dioxide through Stomata. In most plants carbon dioxi 4 
enters the leaves through the stomata. The entrance of carbon dioxide through thes 


openings can be demonstrated easily if a plant is selected which has stomata OP y 
on one surface. 


Materials. A coleus plant which has been kept in darkness until no starch 95 
present in the leaves; petroleum jelly; materials for starch test. 

The stomata of coleus are located on the lower mitface of the leaves. with 
petroleum jelly cover one-half of the lower surface of one to several leaves on the 
plant. The petroleum jelly will seal the stomata on the covered area. Set the P ant 
in sunlight for one to several hours, After the light exposure remove one of s 
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treated leaves and boil in water for a minute or so to remove the petroleum jelly. 
Then remove the chlorophyll in hot alcohol and test for starch. The half of the 
leaf which was coated with petroleum jelly should show no starch, while the other 
half gives a good starch test. 

The Release of Oxygen in Photosynthesis. If water plants are kept in a balanced 
aquarium, the water does not have to be changed and the fish will survive. If no 
green plants are present, the water must be changed at regular intervals or 
the fish die of suffocation. Bubbles of gas are often seen escaping from the 
aquatic plants. 

Materials. Battery jar (or wide-mouthed gallon pickle jar), elodea or eel grass 
(Vallisneria); sand; water; funnel which will fit inverted in the jar; three or four 
stones to hold funnel up from the bottom; test tube; 4- to 5-in. splinter of some 
soft wood. 

Place an inch of sand in a jar. Wash with running water until water in the con- 
tainer remains clear, Plant four or five elodea or eel-grass plants in the sand. Allow 
to stand for a week or two to become established. Place stones in the bottom near 
the jar wall. Invert the funnel (wide mouth down) over the plants and support on 
the stones. Some prefer to dispense with the sand, using a bundle of about six 
elodea (Anacharis) cuttings which are 4 to 6 in. in length, placed with cut ends 
up, under the inverted glass funnel. Fill the test tube with water and invert it 
Over the stem end of the funnel, being careful to allow no air to enter. Set the 
apparatus in the bright light of a window or close to a desk light provided with 
a 100- to 150-watt light bulb. Leave the apparatus in 
the bright light until water in the inverted test tube is 

alf displaced by a gas which arises as bubbles from 
the leaves or the cut ends of the clodea stems. When 
the elodea plants are working satisfactorily, chains of 
gas bubbles will rise from the plants. While the stu- 
ents are closely observing these, cut off the light sup- 
Ply by lowering the window blind or turn off the 
electric light. The bubbles will soon stop rising. As 
Soon as this has happened, turn the bright light on 
gain and chains of gas bubbles will soon reappear. 
© the attentive students it will be obvious that this 
monstration illustrates the necessity of light as the 
Source of energy in this process. Fic. 15.2 Apparatus for 
ift the test tube vertically and seal with a thumb, collecting oxygen from 
immediately after it is raised above the water level in water plants in which pho- 
pus battery jar. Ignite a splinter of soft wood in a  tosynthesis is occurring. 
ame. Allow it to burn for a few scconds, extinguish 
the flame and insert the glowing end in the gas in the test tube. A burst of flame or 
Tighter glow indicates that the gas contains oxygen. Figure 15.2 illustrates the 
Apparatus, 


LEAF PIGMENTS 


Extraction and Separation of Leaf Pigment. The green pigment chlorophyll is 
the commonest leaf-coloring material. As pointed out in some of the above experi- 
ments, its presence is necessary before photosynthesis can occur. Some leaves also 
Contain yellow (xanthophyll), orange (carotene), and red (anthocyanin) pigments 
Which can be seen in the living leaves. These colors are often prominent in the 
autumn in leaves which were bright green during the summer. Even green leave: .. 
may contain all these pigments besides the chlorophyll, and especially xanthophyll ` 
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and carotene. However, their concentration is dilute as compared to the chlorophyll, 
so may not show up except in extractions. 

Materials. Green leaves of spinach, wood nettle (Urtica gracilis), star cucumber 
(Sicyos angulatus), tree tobacco (Nicotiana glauca). If these forms are not avail- 
able many other green leaves may be used more or less successfully. Grain aicohol 
(95 per cent); petroleum ether or benzol; test tubes, bottles, or cylinders to contain 
the solutions; electric hot plate. Living spinach can be purchased in any scason at à 
grocery store. The Urtica and Sicyos are widely distributed weeds found growing 
along stream banks and other moist places. The tree tobacco has been introduced 
from South America and has escaped in California and Texas. It is occasionally 
grown in greenhouses. Whenever good material is found for the chlorophyll extract, 
the leaves may be dried, crumbled, and the powder stored in sealed fruit jars for 
use whenever needed. Leaf powder 4 years old has given good results. This enables 
the teacher to have good material during seasons when the living plants are 
difficult to obtain. If the pure grain alcohol is not available, ordinary medicated 
rubbing alcohol will serve satisfactorily for most purposes. This also is much less 
expensive. The label should be examined to see that the solution contains 70 per 
cent alcohol. If a separation of the carotenoids (xanthophyll and carotene) is to be 
attempted with this solution, use approximately one part chlorophyll extract to one 
part petroleum ether, or benzol. The separation is not quite so rapid and clear-cut 
but will demonstrate the pigments fairly well. 

Place the living green leaves or leaf powder in sufficient alcohol to cover the 
material. Heat the mixture on an electric hot plate, hot-air register, or in a hot- 
water bath. An open flame is dangerous since the alcoholic vapor will ignite if it 
comes in contact with a flame. When the leaves appear more or less colorless and 
the Solution is a dark-green color, the extraction is sufficiently complete. Filter oY 
strain out all the leaf pieces. Place in a slender glass cylinder (bottle will do) and 
hold between a strong light and the observer. Note the bright-green color by this 
transmitted light. Then observe by reflected light (light and observer on same side 
of container). Note the red color. This property is known as fluorescence. x 

Take about 50 cc. of the chlorophyll extract and dilute it to 82 per cent with dis- 
tilled water. Add an equal volume of petroleum ether or benzol. Shake the mixture 
and allow to stand for a few minutes, Note that the liquid separates into a gree? 
upper layer and yellow lower layer. The green solution contains two pigments, 
we A and chlorophyll B. The yellow part contains carotene and xantho- 

y s 


Relation of Light to the Formation of Chlorophyll. In most species chiorophy!! 
does not develop in the absence of light. 

Materials. Corn, oat, or wheat grains; soil; box or flower pot; dark box. 
, Plant a few grains of the type available. Keep the soil moist and in the dark bo* 
in a warm (about 70°F.) room for 10 to 14 days. Note the color of the seedling 
Then set the seedlings in a light situation and watch for chlorophyll formation. 
check test may be run along with the above by germinating and keeping 


seedlings in a light place. The inference j i i i e 
: - ce is obvious that light is necessary 
chlorophyll formation in the above sı eci : d in the 
es. A gre d in 
absence of light in pine seedlings, de een ee 


pumpkin, grapefruit, and a few others. 
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CHAPTER 16 


-4 Digestion, Nutrition, and Growth *- 


The life of any organism is the life of all the cells that. make up thas 
organism. The protoplasm of each cell is a living unit. This is demoni : 
by the fact that parts of organisms may be kept alive in culture long 2 at 
that organism as an individual has died. The functioning of ciliated Er 
that have been removed from a frog's throat as described in Chap. ^^ 
Preparations for the Microscope, is an illustration. Also tissues have s 
removed from embryos and placed in sterile culture media where they Mi 
and grow for many years beyond the normal life of the species of anim? 
from which they were obtained. The activities of this protoplasm in its pta 
state require that energy be supplied regularly to the cells and that a! si 
tional materials be added from which growth takes place. This material í 
food. ERE 

Most of the foods used by living things are in forms which do not diffus à 
or pass through membranes. Since the protoplasm of nearly all celis is p 
pletely enclosed in some sort of membrane, it is evident that something m 
first occur to these insoluble food substances before they or their energy E 
available to the living cell for its activities. Most organisms produce x 
stances which they secrete and which, when they come into contact Wi d 
these nondiffusing foods, so modify the chemical composition of the um 
that it is changed from a nondiffusing (nonsoluble) into a diffusing (soluble y 
state. This process is digestion. Thus the foods pass through the membrane 


. Ez ; : te- 
surrounding the living protoplasm, supplying energy in some cases and ma 
rials of growth in others. 


‘CARBOHYDRATE FOODS AND ENZYMES IN ANIMALS 


Both plants and animals make use of carbohydrates which are one of the poe 
cipal classes of food substances. Some of these (sugars) are readily diffusi 
through most membranes but others (starches), which plants frequently store pes 
which animals regularly use, are not diffusible. Demonstrations of these character 
istics and of how these substances are digested should be given to or done 
the student. 

Sugar. For the making of a collodion bag, or any other diffusion setup, See Chap: 
17, Diffusion. Use the bag to show that sugar (glucose) will diffuse and test W! 
Fehling’s solution as proof. be 

Starch. Since starch is a nondiffusing carbohydrate, a demonstration should 


given which shows this, plus a demonstration of how it may be converted into suga^ 
which does diffuse. 
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Materials. Boiled cornstarch; test tubes; small beakers or cups; Fehling's solution 
(see Chap. 17), collodion; saliva or amylopsin; iodine (aqueous solution). 

Make several collodion bags in a large test tube (see Chap. 17). In one of these 
bags place a quantity of boiled starch. Suspend this in a beaker, tumbler, or cup of 
water. With another part of the boiled starch mix about a tablespoonful of fresh 
saliva or some amylopsin which can be purchased dry and dissolved in water. Place 
this mixture in a second collodion bag and suspend it in a similar glass of water. 
Let these stand for several hours or overnight. Make a check test for starch with 
lodine. Make a test for sugar using Fehling's solution as a check. Next remove some 
of the water from the tumbler containing the bag of starch solution without the 
enzyme. Make a test for starch to show that the starch has not diffused through 
the membrane. Also test for sugar. If the starch solution was freshly made there 
should be no sugar test. Then test the water from the tumbler surrounding the bag 
of starch to which the enzyme was added. It should be negative for starch and posi- 
tive for sugar. This shows ‘the nondiffusing character of starch, the converting action 
of the enzyme, and the diffusing character of sugar. 


EXTRACTION OF ENZYMES 


4 Proof of the Presence of Enzymes in Animals. That enzymes are present in 
tissues of the body and especially in glandular tissues can be shown easily in the 
following manner. 

Materials. Six test tubes or large vials; iodine (aqucous solution); Fehling’s 
solution; living rat, guinea pig, rabbit, frog, or fish. 

Remove from a freshly killed mouse, rat, guinca pig, rabbit, or other mammal 
the pancreas, which lies in the mesentery between the stomach, liver, and small 
intestine, Remove also about 1 in. of the small intestine near the stomach and a 
Piece of muscle from the leg or body wall. A goldfish or a grass frog can be used if 
à mammal is not available. It is more difficult to locate the pancreas in very small 
orms, but the intestine can always be found. Chop these materials into bits, using 
Care not to get them mixed in any way. Macerate the tissues in separate containers 
and add a few cubic centimeters of water. Let these stand for 20 min. or longer to 
extract any enzyme present. Pour off the liquid from each extract and add it to 
10 cc. of starch in a test tube. After 3 min. test each tube of starch with one drop 
of iodine. Use a check tube of untreated starch and iodine for comparison. There is 
usually enough enzyme in a pancreas or small intestine to give a clear negative 
lodine test. Muscle and some other tissues may give a pinkish or purple color, 
showing some enzyme effect. Subsequent boiling with Fehling’s solution may 


demonstrate the presence of sugar. 


STRUCTURES AND MOVEMENTS OF THE DIGESTIVE TRACT 


In spite of the fact that the student probably 
l anatomy than about many other biological facts, 
ing position and relation of parts. An 
f some small animal can do much to 


Demonstration by Dissection. 
ows more about his own interna 
15 surprising how many errors exist concern: 
examination of the gross internal structures © 
Correct this, 
Materials, If possible, have a frog or small mammal for each two students; 
Scissors; paper; and pencil. A frog seems less like a pet than do mammals. Its 
Structures are nearly enough like that of mammals and man to be very satisfactory. 
t each pair of students open completely the ventral body wall of a preserved 
rog and locate each part and name it. Diagrams are useful for this. The regions 


it 
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DIGESTIVE JUICES AND GLANDS 


PRO- ACTIVE FOOD PRODUCT 
JUICE | DUCED | SUBSTANCE ACTED FORMED 
BY OR ENZYME UPON 
" Solivary " ble sugar 
Salivo glands Ptyalin Starches Dou g! 
L 
^ Bile salts Emulsified 
E [vu (not enzymes) fats 
;4 | Pepsin 
s Glonds in Proteoses 
ae stomach HCI Proteins au 
nes 
- EL (not on enzyme) pente 
Amylopsin Storches Simple sugar 
Pancreatic i tei i ids 
Asriga Pancreas | Trypsin | Proteins Amino aci 
juice > 
" Fatty ocids 
Steapsin Fats ond Y eero 
| | Erepsin Proteins Amino ocids 
Intestinal S 12s Malt sugar | Simple sugor 
das intestine | Loctase Milk sugar | Simple sugar 
Invertase Cone sugar.| Simple sugar 
Fis. 16.1 


where enzymes are secreted should be clearly worked out in connection with a study 
of digestion. See Fig. 16.1 and chart. Fuel 
Peristaltic Movement of the Digestive Tract. The action of nonstriated (invol- 


untary) muscle as well as the method of propelling food along the digestive tract 
can be shown in most small laboratory animals. 


Materials. Living frog, rat, or rabbit; scissors. 

Cut open the pithed frog or etherized mammal and watch the surface of the 
stomach and intestine for several minutes. Usually slow wavelike movements of 
the constricting tract walls can be seen to travel along the stomach or intestine. 
If no movement is apparent after careful observation, try scratching the surface 
with a sharp pencil or other instrument. Sometimes a few drops of warm wate! 
poured on the tract will cause the movement to begin. Application of an electric 


coil is another method of inducing d 
for more than a second at a time. If t 


small pieces of lean meat (A by % by 74 in.) 


- Four or five such pieces is enough. 


RELATION OF FOOD TO GROWTH IN ANIMALS 


Growth of Fly Larvae. 


A simple, rapid demonstrati i otcin- 
on of the relation of pr 
carbohydrates, and fats t : DoE the Telafi E 


s 
9 growth and development can be done either as a cl2$ 
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project or, better, by two careful students. It should be done in early autumn or 
late spring in order to obtain blowflies (those whose larvae feed on spoiled meat) 
for the test. 

Materials. Three large test tubes or small wide-mouthed jars; small amount of 
nutrient agar (as used for bacteria); 5 g. of lean beef; 0.5 g. of suet (beef fat). 

Prepare the agar medium according to directions and pour about 4 to 5 cc. into 
each of the three test tubes (if jars are used cover the bottoms to depth of not over 
Y% in.). Chop the lean beef very fine and mix it into the agar of two of the three 
tubes before it cools and sets. Divide the suet into three equal parts and drop one 
Part into each of the three tubes. Plug the tubes (or jars) with rolled wads of 
cotton, The plugs should fit rather tightly to prevent the escape of maggots. If these 
agar preparations are placed in a refrigerator, they can be kept for some time. By 
baiting with a piece of meat out of doors in warm weather, flies will lay eggs 
and when these have hatched (after 8 to 24 hr.) the young maggots should be 
carefully counted into groups of about 20 or 30 each. Use one egg mass, if possible, 
to avoid difference in species. Place one half of the young larvae in the tube of 
agar without lean meat and the other half in one of the tubes with lean meat. 
Plug and leave in a warm place for several days, examining them once per day. 
In 5 to 7 days the larvae with lean meat (protein) will be fully grown and should 
be taken out and placed in a jar with scraps of paper where they will pupate. Those 
in the agar without protein will be quite smal] but still alive. 

At this time divide the retarded larvae into groups and add one group to the 
Second tube containing lean beef and leave the other group in the tube without lean 
beef. Watch the growth rates of these two groups. The protein-fed flies finish their 
growth and metamorphosis while those with protein deficiency remain alive but do 
Dot mature, This is a good illustration of the energy-yielding and growth values of 
food types, 


IMPORTANCE OF VITAMINS 


The importance of vitamins in diet has become a matter of general knowledge 
and concern, An understanding of their importance and effects is a vital put of 
the students training in biology, physiology, hygiene, or domestic science. A great 
deal of commercial propaganda has been based upon the fact of their importance 
Without much regard for the accuracy or mode of application. It therefore becomes 
Important that the student be able to judge such encroachments upon scientific 
Usage, 'The only way to arrive at a proper appreciation of these effects is through a 
well-planned and well-executed test as shown in a feeding experiment. There are no 
Simple chemica] tests that are satisfactory. Anyhow, the primary interest for the 
general student lies in the effect of the presence or absence of these substances. 

Onsequently, the following feeding experiment is suggested to demonstrate in a 
Striking manner the importance of vitamins in diet. While there is some incon- 
venience attached to preparing cages and a place to keep the animals, any extra 
effort put forth by the teacher or pupils in doing this is well repaid. y r 

5 itamin C Deficiency. This is the easiest effect to produce in a short time. Vita- 
min C is known as the antiscorbutic vitamin since its presence prevents the develop- 
ment of the condition known as scurvy. It can best be brought about under 
aboratory conditions in guinea pigs. Rats cannot be used for this. 

Materials, Young guinea pigs (about half grown) weighing as near 300 g. as 
Possible; enough cages to keep thc experimental and control animals separate (the 

st arrangement is to keep each animal in a separate cage but this is not absolutely 
necessary); food as listed below; scales; record sheets. 
€ sure that the guinea pigs are young and healthy and of as near the same 


ALS 
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weight and age as possible. Keep a PAD record tach o w iat 
Mark each pig (or cage) and do not allow the animals e mi a 
i es clean and supplied with fresh water at all times. 
an Por Ue or played with by students. Feed each pig 20 g. of a ae 
mixture daily, always removing any uneaten portions of the eh wen i He 
the day before. It is suggested that the ideal experiment wou pre P 
sprouted peas in addition to the mixture for the feeding of the anges a AR 
this would add nothing new in the type of food used. It further sl X 2o 
dry peas do not possess vitamin C the same peas sprouted do possess it. E al 
the sprouting is considered too much trouble, cabbage, orange dee ims 
juice may be used instead of the sprouted peas. Daily records of the fee € iie 
weights must be kept and any significant changes noted on the dates 

D i a 
The following diet is prepared in quantities sufficient for 2 days at a res x 
good refrigerator is available for storage, it may be prepared for a weck a 
Rolled oats 
Wheat bran 


; ; pigs 

The above diet is deficient in vitamin C content. If in addition to it the ai D 
are fed sprouted peas (20 g. per day), or an equivalent amount of green cat Eh "get 
tomato juice, or orange juice, the vitamin C content is added and the SM PSDDIES 
along nicely. One experiment run according to the above directions, using RAT 
as the source of vitamin C with three control guinea pigs and three experim 
guinea pigs, gave the following results: ri ; with 

ih hide in weight. At first the weight fluctuated up and down poe 
a net gain for all. As the test progressed the experimentals reached a Lim this 
they lost weight rapidly and consistently while the controls did not s 
marked drop. The graphs in Figs. 16.2 and 16.3 show this difference. inalia 

2. Changes in appearance and behavior. At the end of 2 weeks one anima about 
vitamin C in its diet showed signs of listlessness and an indisposition to jump time 
when disturbed. Its coat soon became roughened and its eyes dull. From o ad: 
on it lost weight rapidly, and at the end of 3 weeks the condition was so far erie 
vanced that it was unable to eat cabbage and, consequently, died. A second exp a 
mental animal followed a few days behind the first with these same hoa Ge 
the third had begun to show them when the experiment was stopped an 


t E : d ition 
experimental animals were allowed to recover from their deficiency by the addi 2 


H et 
of the vitamin to their diet. The control pigs with only cabbage added to their die 
never showed any of the signs in 


T % eri- 
appearance or behavior described for the exp 
mental ones. 


Vitamin B, Deficiency. A good diet th; 
All materials for setting up the experi 
deficiency experiment above except that 
pigs. The deficient diet is as follows: 

White flour 

Butter: «oss. 

Dried beef 
Common salt ( 
Slaked lime 
Starch 


: GE S. 250] low: 
at is deficient in vitamin B, is given ne 
ment are the same as in the VAL en 
half-grown rats are used instead of gu 
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This makes 300 g., which should last six rats a number of days. Always feed just 
a little more than will be eaten each day. Keep plenty of fresh water present at 
all times. Clean the cages and feeding dishes regularly. Weigh the animals each 
day (or every 2 days). Note the first indications of B, deficiency. Plot a curve for 
the experimental animals and the controls. To the above diet add any one of the 
following: ground wheat 10 g., or 30 g. of middlings or wheat bran, or 5 g. of 
bakers’ yeast, to be fed to the control animals. Any one of these additions will 
supply vitamin B4. When the animals that are fed vitamin B,-deficient diet have 
shown definite signs of the deficiency, start feeding them an addition of the wheat 
Or bran or yeast to restore them to normal and keep a complete record. 


uM 
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Fic, 16.2 Graph showing the growth of guinea pigs on a diet including vitamin C. 
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Fic. 16.3 Graph showing growth of guinea pigs on a diet lacking vitamin C. 
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Vitamin A Deficiency. Using rats as in the experiment above feed the following 
diet: 
IWBedt areis ue secte ejes Rs ph USRUOAS tem VOS YET E 114 g. 
Wied) Beet (ar Jean gmeat)! va uds ee scio etsi tuto occi st 30 g. 


Starch wis tyes iia ses mts unt ch .. 150g. 
Common salt .... pa 3g. 
Baked. Dme side «eceeieieinins ce DET UR IO UE IE 3g. 


This diet is deficient in vitamin A. To this diet add 30 g. of fresh butter for feeding 
the control animals. It may take 5 to 7 weeks to get results in vitamin A deficiency 
tests, . 

Other Vitamin Deficiencies and Diets. Anyone interested in further experi- 
mental work with diets and deficiencies is referred to the numerous articles and 
books upon the subject that are available in almost all libraries. See the bibliography 
at the end of this chapter. 4 

Calcium Deficiency. Another very interesting and instructive feeding experiment 
is as follows: Select four or six young rats about 25 days old. Use half for controls. 
To the experimental animals feed the following diet: 


Dita c ee TCR x: 129g. 
Dried beef 51g. 


Passe .. 18g. 
a e Da esita ESEE ia TE. 
36g. 
45g. 
3g. 


To the diet of the control animals add bone meal, about 30 g. The above diet 15 
fairly well balanced in most respects, and there is little evidence externally for some 
time except weakness in the limbs and some effect upon stature. As soon as you ary 
certain that the experimental animals have a marked defect, select the one which is 
most noticeably deficient and one of the controls which has had additional bone 
meal and appears normal, and kill both animals. Have two students thoroughly 
clean the skeletons and assemble the bones in an approximate position for Geet 
parison (see Chap. 12). Compare the skeletal weights of the two. The most marke! 
results of this test are, of course, in the skeleton. i 
Three- or five-day-old chicks may be used instead of rats for the above experi 
ment. Prepare their diet by grinding finely all ingredients and thoroughly mixin’ 
them. Feed just what will be caten and keep the excess in a refrigerator or prepare 


fresh every second day. It must be remembered that the deficiency in this experi" 
ment is one of mineral elements and not of vitamins. 


CARBOHYDRATE FOODS AND ENZYMES IN PLANTS 
Starch, Digestion, 


and Extraction of Di $ igested in 
adane thes lastase. Foods in plants are dig 


mals. In both cases enzymes are the wir 
creted which bring about the breakdown of comple 
stored foods into simpler molecules which are immediately available for use 1” 
os Diastase is the enzyme responsible for the digestion of starch in plants- 
t is ¿ound in germinating seeds as well as in vegetative parts. That secreted " 
ve. Diastase can be extracted in pure form, an 1 

¢ A an impure extract can be made readily which wo 
satisfactorily to demonstrate starch digestion, details of which are given below. n 
rn, barley, castor beans, or other seeds which may 
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available (corn is very satisfactory); food chopper or mortar and pestle; water; 
funnel; filter paper; three test tubes; iodine for starch test; 2 or 3 g. of cornstarch, 
wheat flour, or potato starch; source of heat. 

Grind the germinating corn in the food chopper. Cover the ground mass with 
water and allow to stand for Y hr. Filter the mass, saving the more or less clear 
liquid which passes through the filter. This contains the diastase. In the meantime 
prepare a dilute starch paste in a beaker by adding a small amount of starch (such 
a quantity as may be conveniently picked up on the tip of an ordinary scalpel or 
penknife) to about 30 cc. of water. Boil the mixture for a few minutes and allow 
to cool to room temperature. Place 5 to 10 cc. of the starch paste in a test tube and 
test for starch with the iodine. In another test tube place a similar volume of starch 
paste and add 2 to 3 cc. of the enzyme extract. Test for starch immediately. In the 
third test tube add the same quantity of starch paste and enzyme extract. Allow this 
tube to stand for 5 to 20 min., then test for starch. If the enzyme is present in good 
condition, no starch will appear by the iodine test, indicating that the starch has 
disappeared. That it has been changed to sugar can be shown by Fehling's test. 
The optimum temperature for the action of corn diastase is 56 to 57?C. However, 
good results may be obtained at room temperature. 

The corrosive action of diastase on starch grains can be observed easily by 
Scraping off some starch from a germinating corn grain, mounting in water, and 
observing with a microscope. The same action can be demonstrated by mounting 
some untreated starch grains in a drop of the diastase extract, allowing to stand 
for 15 to 20 min., then observing microscopically, 

The fungi excrete enzymes which, upon coming in contact with the proper 
Substrate, will bring about digestion outside the hyphae. The products of this 
digestion, glucose, fatty acids, glycerin, and amino acids, being soluble may diffuse 
into the hyphae, supplying them with the required food. A result of this action can 
be observed in a bread-mold culture growing on bread. After the mold has been 
Browing on the bread for 3 or 4 days, the color and texture of the bread changes. 
The same process can be observed in decaying fruits, wood, etc. Diastase is found 
abundantly in the downy mildew (Aspergillus oryzae) from which it is extracted 
commercially. This commercial extract is used in medicine and laboratory diges- 
tion experiments. A certain downy mildew (Penicillium) enzyme is used as a clear- 
ing agent in the manufacture of cider. r 

ugar Digestion by Sucrase. Sucrose (cane sugar) which occurs in many plants, 
and is particularly abundant in sugar cane and sugar beet, must be changed to a 
Simpler sugar before it is available in respiration. The enzyme sucrase is the diges- 
tive substance which brings about digestion of this nonreducing sugar. Sucrase 
Occurs abundantly in yeast. Extracts can be made readily from commercial yeasts 


such as Yeast Foam and Fleischmann’s yeast. 
aterials. One-fourth package of yeast; 1 
lter paper; tap water; Benedict’s solution; 
Other means of grinding; four bottles, test tubes, or beakers. 

Prepare a fine powder of the dry yeast in a mortar. Add this to about 30 cc. of 
Water and allow it to stand for 15 to 30 min., then filter. The filtrate contains the 
Sucrase extract, If moist yeast is used, place the yeast mass in 30 cc. of water and 
Stir until a fine suspension is formed. Filter and save the filtrate. Prepare about 

0 cc. of 2 per cent sucrose in water. To 15 cc. of this add 5 to 10 cc. of the sucrase 
extract and keep it at room temperature or somewhat higher for 30 to 60 min. 
hen add about 5 cc. of Fehling’s or Benedict's solution and heat. If reducing 
Sugar (glucose) is present, a yellow to brick-red color (precipitate) will appear 
"pon boiling. Check tests also may be run on the sucrose solution without the 
Sucrase extract, on the sucrase extract, and on sucrose solution to which has 


g. of cane sugar (sucrose); funnel; 
source of heat; mortar and pestle or 
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been added some boiled sucrase extract. Compare the results in the sucrose i 
sucrase test with the checks. The sucrose plus Benedict's solution may show a Sen 
yellowish tinge while hot but usually clears up to a blue color. The pst Mia 
may show a little precipitate. The sucrose plus boiled sucrase extract m y ie 
no precipitate. High temperature destroys the enzyme. The sucrose plus su fe 
extract will show much more precipitate than any of the checks. The presence o 


rie i 
reducing sugar after the enzyme treatment indicates that the sucrose has bee 
digested. 


PROTEIN FOOD IN PLANTS 


Demonstration of Protease. Proteins are essential foods in plants as well ta 
animals. Proteins must be changed into amino acids before they are available int à 
respiratory and assimilation processes. The presence of protease in m lcge. 
brings about this digestion. The protease bromelin is found abundantly in fres 
frozen pineapple juice. It may be tested as follows: -—. 

Materials. About 30 cc. of fresh or frozen pineapple juice (canned material S 
no use); hard-boiled egg; source of heat; two test tubes or bottles with stoppers; a 
few drops of toluol; sharp razor blade. : 

Prepare two or three cubes of cooked egg white (largely protein) about 2 pus 
Square by cutting with a sharp razor blade. Drop these in a test tube a 
about 15 cc. of the fresh pineapple juice. Pour the same quantity of juice in anot dd 
tube and boil. After cooling add the same number of egg white cubes to it. A : 
2 or 3 drops of toluol as a preservative to each tube. Stopper both, shake the an 
tents, and label. Set in a warm place, preferably an oven with a temperature of 
to 38°C. Allow the tests to stand for about 2 days and examine. The one with me 
unheated pineapple juice should show some corrosion of the cubes, The tube wit 
boiled juice should show no action on the egg albumen. y 

If pineapples or the frozen juice is not obtainable, a commercial extract der 
can be obtained from chemical supply companies. It is an extract of the tropica 


papaw (Carica bapaya) and is very active, Make up a saturated solution of this and 
use the same as the pineapple juice. 


EFFECT OF CERTAIN MINERAL SALT DEFICIENCIES 
UPON PLANT GROWTH 


eveloping superstitions con- 
experiment, if carefully carried out, will show the 
olution and the effect of lack of any of the essentials. 
out successfully is about 40 days. 

sary are as follows: 


Magnesium sulfate (anhydrous) (MgSO,) 


» with distilled water 
added to make volume of 100 cc. 


Pie Heels UI etn: urs 12. g: 

Calcium nitrate [Ca(NO;)4] with distilled water added to 
CECI. s nus e UM a d 16.4 g. 

Potassium dihydrogen phosphate (KH5PO,) with distilled 


water added to make volume of 100 cc. 
Ferric tartrate, 0.2 per cent 
Manganese chloride, 0.2 per 


cent 
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The above materials represent the essential elements for a complete cultural 
medium. Solutions deficient in each of the mineral elements are made from the 
following substitutes: 


Sodium sulfate (NagSO,), with distilled water added to make 


“volume of 100 cc. ses sasasi dsi eeg airis siss Dette 14.2 g. 
Magnesium chloride (anhydrous) (MgCls), with distilled water 

added to make volume of 100 cc... 9.5 g. 
Sodium nitrate (NaNOg), with distilled water added to make 

volume of 100 CO. s.s cee cess earth remm m hern 8.5 g. 


Calcium chloride (CaCls), with distilled water added to make 
volume of 100 cc. ...ceee Mem EE 

Sodium dihydrogen phosphate (anhydrous) (NaH3PO,), with 
distilled water added to make volume of 100 cc. .........- 12 g. 

Potassium chloride (KCl), with distilled water added to make 


volume up to 100 cc. eMe 7.4 g. 


If the above stock chemicals are not anhydrous, that is, if the compounds contain 
Water of hydration, the weights must be modified as follows: magnesium sulfate 
24.6 g., magnesium chloride 19.3 g., and sodium dihydrogen phosphate 13.8 g. In 
making all solutions be certain to add distilled water to the chemical making the 
Volume up to 100 cc. : 

. Eleven bottles (100 cc. or larger) to contain stock solutions of the above chem- 
leals; scale for weighing chemicals; graduated cylinder or similar device for measur- 
Ing solutions; seven glazed or paraffined flower pots (4 in); bag of pure silica or 
TERM sand, obtainable from building supply companies; tomato or pea sceds; 

istilled w. ing; labels. 

DER eim die HOAN pots and rinse with distilled water. Fil each with 
Sand to within about 1 in. of the top. To each pot transplant six scedlings, which 

ave been grown from seeds placed in moist soil or peat, just at the time they 
show the first true leaves developing above the cotyledons. After they are well 
established, thin to three seedlings. To make up a complete mineral nutrient use the 
ollowing amounts of the various solutions given above: 


MES, iien i ge UM ria Me ure mi arie eee etg eS js cc 
Ca(NOg)o ...... 4s i 
KEPO, .1xuseesxi sap eee y 

Ferric tartrate, 0.2 per cent ««« 0068 : cc. 
Manganese chloride, 0.2 per cent «668 2 cc 


Mix the above and add enough distilled water to make 1 liter. This is the com- 
Plete cultura] solution. 


Use 7.2 cc. of Na,SO, to replace MgSO,, for deficiency of Mg. 
Use 7.2 cc. of MgCl, to replace MgSO,, for deficiency of SO,. 
Use 9.6 cc. of NaNO; to replace Ca(NO3)s, for deficiency of Ca. 
Use 4.8 cc. of CaCl, to replace Ca(NOs) >», for deficiency of NOs. 
Use 7.2 cc. of NaH;PO, to replace KH5PO,, for deficiency of K. 
Use 7.2 cc. of KCI to replace KH;3PO,, for deficiency of PO,. 


Label each of the seven pots to show what is to be received. Place the pots in a 
Well-lighted situation at room temperature. At the beginning water each thoroughly 
With its proper mineral nutrient solution, using equal volumes on all seven, Applica- 
tion of these solutions should be made every 2 or 3 weeks. During intervening 
Periods apply distilled water to each in equal volume. Watch the plants from day to 
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day and take note of differences—color, size, development of roots, stem, and leaves. 
After 30 to 40 days take final notes. Weight of tops and root systems may be 
obtained if desired. Record all data in tabular form. 

This experiment requires considerable labor, but lends itself nicely asa student 
project. It is of particular interest and value in agricultural communities. If time is 
available, reading references may be assigned on the role of mineral elements in 
plants, fertilizers suitable for various crops (particularly those of local interest), etc. 

Growth of Clover Plants in Relation to Nitrogen-fixing Bacteria. An immediately 
available nitrogen supply is important in the rapid growth of most plants. It scems 
to be particularly true of leguminous plants which commonly bear bacterial nodules 
on the roots. 

Materials. A few red clover seeds; two clay flower pots filled with soil; sheet of 
sandpaper; 1 cc. of bichloride of mercury (2 parts to 1,000 parts of water) or 70 per 
cent alcohol; bake oven for heating soil to a high temperature; bacterial culture 
for red clover—obtainable from seed supply companies. 

Heat the two pots of soil to 160°C., or near that, for 1 hr. Sterilize the seed coats 
with bichloride of mercury or 70 per cent alcohol. After the seed coats are covered 
with the antiseptic, allow them to dry for a minute, then rinse thoroughly in sterile 
water. Dry the seeds and scarify by rubbing between two pieces of sandpa nar 
Divide the seeds into equal lots. Inoculate one lot with a commercial culture o! 
nitrogen-fixing bacteria. If this is not available, obtain soil from about the roots of 
a clover plant which shows well-developed nodules. Sift this over the seeds to be 
inoculated. Plant the two groups of sceds. Water alike and keep side by side at 
about room temperature. Compare growth of the seedlings. Before starting, See 
that the soil is alkaline by testing a suspension in distilled water with litmus paper. 
If it is acid, mix a little powdered limestone in it. 


EFFECT OF ANTISEPTICS AND OTHER TREATMENTS 
UPON THE GROWTH OF BACTERIA 


A Series of Demonstrations. Control of the growth of bacteria is one of the most 
important problems of modern civilization. The prevention and cure of diseases 
depend upon it. Commercial and home canning and preserving of food products; 
pasteurization of milk, purification of water supplies, etc., are impossible without 
such knowledge. The principles used in the above processes may be illustrated easily 
by using nutrient agar (Chap. 12) and sterile petri plates. Other nutrient materials 
may be used if desired. In communities where there is direct interest in the canning 
and preserving of foods, the actual vegetables, fruits, and meats may be canned an 
preserved under varying conditions by members of a class. Such experiments po 
give students ample opportunity for testing the values and claims for commercia 
antiseptics often so highly advertised. i 

Materials. Nutrient agar 300 cc.: 24 petri dishes or test tubes; living culture. of 
some common bacterium; transfer needle; gas or alcohol flame; means of sterilizing 


petri dishes and nutrient agar (Chap. 12); moist chamber; desiccator (see Chap. 20); 
refrigerator—necessary only for culture to be k 


of 2 per cent phenol (carbolic acid); 
of water); 5 to 10 cc. of tincture of jodi 


available commercially advertised ant : 

Prepare and sterilize nutrient agar as directed in Chap. 12. Also sterilize pet” 
dishes in the same way; this is probably more satisfactorily done in an ove? 
for an hour at 165°C, (dry, hot air Sterilization) Allow the agar as well as dishes t° 
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cool. Do not open the dishes until agar is ready to be poured into them. Remove the 
cotton plug from the flask or tube containing the sterile agar, carefully lift the petri 
dish lid, holding it directly over the bottom, and pour in the agar. Replace the 
cover immediately and allow the agar to set. Repeat this immediately for al! the 
dishes to be used. After the agar has congealed, inoculate the plates by dipping the 
sterile transfer necdle into the living culture and streaking it across the agar in each 
plate. Label each plate to indicate treatment to be received. Place one plate in a 
refrigerator at 0°C. and another in an oven at 60 to 70°C. for 30 to 60 min. Place 
one plate with lid off in direct sunlight for ¥ hr. (sunlight which passes through 
window glass is practically free of ultraviolet rays—the rays which are destructive to 
bacteria), one in subdued light, and another in darkness. In another series place a 
culture in a moist chamber, one under room conditions, and another in a desiccator 
—all at approximately the same temperature. Flood a plate culture with 2 per cent 
phenol, others with bichloride of mercury, tincture of iodine, 70 per cent alcohol, 
95 per cent alcohol, the three salt solutions, and others with commercial antiseptics. 
After flooding the cultures with the above materials, drain off the excess, replace 
the lids, and set in a warm, dark situation. When the cultures are about 48 hr. old, 
final Observations may be made. Ask the students to make applications to practical 
Situations based upon the conclusions drawn from these observations. 

Suggested Projects. Various projects may be assigned following this experiment. 

few suggestions are as follows: 

; Inspection trip to a packing h 

drying, canning, refrigeration, etc. 

2. Trip to a pasteurizing plant. Learn about different methods of pasteurizing. 

he students may pasteurize milk in test tubes in the laboratory. One way is to 
hold the temperature at 63°C. for 20 to 30 min. Compare the keeping qualities of 
the treated milk with untreated. 

Inspection trip to one or more of the following: canneries, health laboratories, 
fanneries, vaccine and serum laboratories, water-supply systems, sewage-disposal 
Plant, cheese factory, hospitals, veterinary clinics. 

Collection of advertisements of various co 


zines, Test out claims made by such. 1 
5. Collection of material dealing with the tubercular testing of cattle. 


6. Reading references and reports on serums and vaccines. 
Other projects will suggest themselves to a teacher. 


ouse. Learn about the smoking of meats, salting, 


mmercial antiseptics from maga- 


REGION OF ELONGATION IN ROOTS AND STEMS 


Definite Growing Regions. Elongation of roots and stems is restricted to definite 
zones; This can be illustrated easily by the following experiments. — s 
Materials. Germinating lima-bean seeds with hypocotyl about 1 in. long; vigor- 
ously growing wandering Jew (Tradescantia zebrina) plant, either in water or soil; 
sweet pea, garden pea, castor bean, or other convenient seedlings which have become 
well established in the soil and having one to three nodes above the hypocotyl; 
ndia ink; moist chamber (quart fruit jar); a stiff horsehair, wheat beard, or fila- 
ment from light bulb (steel pen will do)—these are to be used in marking the stems 
and roots with India ink lines. Some injury may be caused by the pen. The horse- 
air, wheat beard, or tungsten filament work satisfactorily. 

On the lima-bean hypocotyl mark off fine lines with India ink 1 to 175 mm. apart, 
from tip up to the point of rupture in the seed coat. Allow the ink to dry. Suspend 
the bean in a moist chamber. A hooked pin may be inserted into the seed coat, a 
String tied about the pinhead is attached to the jar cap, or the cap screwed down on 
it, suspending the bean over a water surface in the moist chamber. After 24 to 
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48 hr. remove the bean and examine the marks for distances apart. This will defi- 
nitely show that elongation occurs just back of the tip, a centimeter or more, but p 
entirely to the point of attachment to the remainder of the seed. In instances of the 
sweet pea, garden pea, castor bcan, sunflower, etc. (dicotyledonous plants), place 
India ink marks similar to those for the roots, but extending from the tip of the 
seedling back three or four nodes. Place the plant in a suitable environment for 
growth. Observe the marks for distances apart after a period of 48 to 60 hr. Here 
again the region of elongation is just back of the tip and often extends throughout 
about 21/4 cm. of the stem. To 

In the wandering Jew (monocotyledonous plant) a different situation is soon 
apparent. Mark the stems in the same way, over a distance including three or four 
internodes. Make observations after about 72 hr, Note that the elongation occurred 
in regions just above each node. This is characteristic of many monocotyledonous 
plants. . 

Regions of Expansion in Leaf Blades. Expansion of leaves after buds open is one 
of the most noticeable phenomena of plants in the spring and early summer. This 
enlargement is localized chiefly in the lower portion of a leaf rather than at the 
apex. The following experiment will demonstrate this characteristic. 

Materials. A vigorously growing young plant (tobacco is very satisfactory, but 
many others may be used successfully); India ink; stiff hair (wheat beard, tungsten 
filament from old light bulb, or pen); and a ruler. 

Select a leaf large enough to handle conveniently. Mark it off into %-in. squares, 
being careful not to injure the leaf. Replace the plant to good growing conditions 
and observe the marked leaf after a week or 10 days. The larger squares in the 
basal portion indicate the location of greatest enlargement. 


PRODUCTION OF ROOT HAIRS 


Location of Root Hairs. Root hairs are characteristically found a short distance 
back of the region of elongation of roots. They are of importance in the absorption 
of water and minerals. They are very delicate extensions of epidermal cells, so d 
easily destroyed when a plant is removed from soil or exposed to dry conditions 
The following experiments suggest ways of producing them successfully for laboratory 
Observations as well as good types of seeds to use, migration of the root-hair 20n¢ 
growth under varying conditions, etc. 

Materials. ge, redtop (cultivated grass), ks 
arts in 1,000 parts of water) is us 
ics may be used; enough petri dishes 
nts—other closed containers may be used if petri dishes are n° 
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elongating region and the longest are farther away. Roots ordinarily are capable of 
producing root hairs only in the region of differentiation which is located just back 
of the elongating portion. While a root is growing the root-hair zone migrates toward 
the tip as new root hairs develop and old ones die. The following demonstration 
will illustrate this characteristic. 

Materials. Ordinary tumbler (water glass) or glass funnel; filter paper; sand; 
corn grains. 

Line the inside of a tumbler or funnel with filter paper. Fill the container with 
sand, soil, or peat. Place soaked corn grains about 1 in. apart between the paper and 
glass and about 1 in. below the mouth of the container. Moisten the sand and set 
the container in a warm place. If the seeds were soaked before starting, roots will 
develop in 2 to 4 days. As they grow, mark on the glass the position of the root-hair 
zone at various intervals. Cercis (red bud), Gymnocladus (Kentucky coffee tree), 
Gleditsia (honey locust), and some others have thick-walled root hairs which live 
as long as the epidermal cells. They may remain for several months. If these plants 
are available such observations may be made. Honey-locust seeds germinate readily 
if a notch is filed through the seed coat. Seedlings may be allowed to develop in the 
laboratory for such observations if desired. 

Effects of Moisture on Root-hair Development. Environment and heredity con- 
trol root-hair development. Moisture, temperature, oxygen, mineral supply, kind of 
plant, etc., are probably the more important factors in such growth. Some plants 
fail to produce root hairs under one set of conditions, but may produce them under 
Others, while in some cases root-hair production does not occur under any circum- 
Stances. Saturated soil often suppresses root-hair development; Acorus calamus 
(sweet flag) and elodea do not produce them in water and Lemna and Spirodela 

duckweeds) do not produce them under any conditions. 

Materials. Four quart fruit jars or glass cylinders; enough cheesecloth to tie 
Over mouths of the jars; four handfuls of sand; elodea, duckweeds, and sweet flag 
plants growing in water of an aquarium; corn and wheat grains. 

Fill two of the jars about one-third full of water and fill the other two completely. 

le cheesecloth over the openings. Cause the cloth to sag somewhat and place 
Soaked corn grains on two of the cloths, one partly filled with water and the other 
full. Put soaked wheat grains on the other two. Cover all four plantings with a 
handful of sand to keep the grains moist. Place all in a warm light situation and 
Observe development. Both corn and wheat roots will produce an abundance of 
Toot hairs in the moist atmosphere. When corn roots grow in water no root hairs 
uerelop, Wheat occasionally produces poorly developed hairs when growing in 

ater, 


EFFECT OF LENGTH OF DAY 


Growth and Reproduction. Length of the daylight period has a very definite 
elect upon the development of many plants. Certain of our native and cultivated 
Plants bloom early in the spring and others in the autumn, both during periods of 

ort-day lengths. Such plants are known as "short-day plants." Others come into 
bloom only during long-day periods and are known as “long-day plants." There 
ìs an important third class known as *everbloomers," such as the everbearing straw- 

erties, This phenomenon is known as photoperiodism. Practical application of these 
facts now are being made by many florists. A demonstration of photoperiodism is 
comparatively simple. 

aterials. Source of electric light current; 200-watt light bulb; chrysanthemum 
°F poinsettia rooted cuttings; radish seedlings (Scarlet Globe is very satisfactory) ; 
moth mullein rosettes and wild prickly lettuce rosettes well established in pots. 


328 SOURCES, PREPARATION, AND USES OF MATERIALS 


The chrysanthemum and poinsettia are short-day plants, usually coming into 
flower in late autumn for the chrysanthemum and late November and December for 
the poinsettia. These may be forced into flowering out of season by giving them a 
7- to 8-hr. day instead of the normally longer light period. This may be done by 
keeping the plants in a dark room or box and exposing them for about 8 hr. to 
normal daylight. Three to four weeks is required for the development of flowers. 
Duplicate plants must be kept as checks in the normal light condition. If the 
experiment is to take place during the normal short-day period, duplicate plants 
must be kept in a 14-hr. light period. This may be done by use of a 200-watt bulb 
which is lighted either in the morning or evening of the short days. Place the light 
about 2 ft. above the plants. If not convenient for someone to turn off the light at 
the proper time, an alarm clock may be rigged up to cut off the current when 
desired. Usually plants kept in the long-light condition will remain in the vege 
tative state while those in the short light come into flower. 

For long-day plants prepare two pots of cach of the following: radishes, three or 
four plants to each pot; moth mullein, one rosette to each pot, and the same for 
prickly lettuce. The moth mullein and prickly lettuce are common weeds which 
can be transplanted readily. After the plants are established place one of each type 
in 14-hr. light and keep the other in short-light condition (7- to 8-hr. period is best). 
Plants kept in the long light will soon begin to develop long stems and may come 
into flower, while those in short light remain in the rosette state. 


BREAKING OF DORMANCY OF BUDS 


Importance and Ways of Breaking Dormancy. Many plants, especially of the 
temperate regions, become dormant during certain periods in the year. Before buds 
of such plants will develop satisfactorily certain physiological changes may take place 
during “rest periods,” as, for example, in potato tubers, with no radical change in 
temperature. Others require periods of low temperature. Breaking of dormancy 
assumes considerable economic significance. In some instances it is of importance E 
the distribution of plants in nature as well as limiting the use of certain plants in 
various regions. 3 

Materials. After the following woody plants have been exposed to freezing 
temperatures for a few weeks coilect a branch of lilac (select a forked branch); pea" 
stem with several fruit spurs; Japanese quince (Cydonia or Chaenomeles); forsythia 
(golden bells); pussy willow; papaw; oak; etc. Also obtain three or four tubers © 

new potatoes,” and the same number and variety, if possible, of tubers which have 
been stored for 4 or 5 months. 

After branches of the woody plants have been cut off and placed in water, cut 
off a Segment an inch or two in length from the cut end while it is submerged 32 
water. This removes air-plugged vessels which may prevent further entrance ie 
water into the stems, For the forked branch of lilac, prepare a small opening in 


windowpane so that one branch may be exposed to out-of-doors conditions. with 
cardboard or other insulating material seal the opening about the exposed stem t 


prevent lowering of the temperature inside the window. If the room temperatur’ 
remains at about 70°F. the flower and leaf buds will open developing flowers an' 
leaves in 3 to 4 weeks, while those exposed to the outside temperatures remain 
dormant. The other woody stem specimens may be kept in water at about room 
temperature (70°F.) and their development watched. Some will develop, Ye 
rapidly while others, such as the oak and papaw, are daw To make the experimen 
more complete it is well to collect the same type of branches before they have pen 
exposed to low temperatures in the fall. Collect data on them and compare wit! 
results on those after the low-temperature exposure, If an electric refrigerator a 
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available, the low-temperature exposure may be made artificially. Such exposure 
should be made for a period of 2 wecks at near freezing temperatures. À student may 
be willing to do this in his home. As for the potato tubers, plant the two sets in the 
same kind of soil, water them, and keep them at the same room temperature. Watch 
for sprouting and compare results from the two sets. Sce Chap. 22, under seed 
dormancy, for methods of breaking dormancy in certain seeds. 

Considerable work has been done on breaking dormancy of buds by means of 
chemical treatments. Under ordinary laboratory conditions results are often not very 
satisfactory. However, they may be of interest to try. Several papers may be obtained 
at low cost from the Boyce Thompson Laboratory for Botanical Research, Yonkers, 
N.Y. Also see F. E. Denny and Ernst N. Stanton, Localization of Response of 
Woody Tissues to Chemical Treatments That Break Dormancy, Am. J. Bot., 
151-045 1928; and F. E. Denny, Am. J. Bot., 13:386-396, 1926; 15:327-336, 

28. 
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CHAPTER 17 


-4 Diffusion »- 


The physical process of diffusion in its various forms is of vast inp 
in the lives of plants and animals. Without diffusion neither the materials o 
growth nor energy-yielding foods could enter cells, the products of p 
logical processes could not be eliminated, and the condition called “li 3 
could not be maintained. Specific examples, applications, and means © 
demonstrating this fundamental process, designed to assist the student to 4 
clearer understanding, are suggested below. 


DIFFUSION WITHOUT MEMBRANES 


Showing the Movement of Molecules in Gas. It is possible to show that e 
molecules of one volatile substance may, by their own movements, become scattere 
among the molecules of another substance, the spread always taking place in a 
direction from the region of higher concentration of the diffusing substance. = 

Materials. Bottle containing any highly volatile substance such as ammonia, 
acetic acid, oil of peppermint or oil of wintergreen, perfume. 


The teacher should, without explanation, open "i 
container early in the class period or pour a ro 
T A amount into a dish, The nearest students shoul her 
able to detect the odor sooner than those fart l 
away. Neither the teacher nor the students ae 
TB overlook the possible complication due topa ee 
rents, which are almost certain to exist in aS a ir 
room, and the fact that individuals differ in the 
ability to detect odors. + Liquid. 

Showing the Movement of Molecules in. Td 
When a soluble substance is placed in a liquid, ái 
molecules of the solid move away from the solid A 
disperse among the molecules of the liquit, rate 
simple apparatus is prepared, the direction an 
of the diffusion may be guided and observed. er; 

Materials. A 2.ft. piece of glass tubing; à SPP ie 
crystals of some colored soluble solid, such as P? 


Heat end. 
seal x 


Dates 


i sium permanganate or copper sulfate. J 


Heat and bend the glass tube into the form ba 
(see Fig. 17.1). Heat and draw out a pornon ie 
the long end of the J tube as shown at 4. When f 


tube is cool place the curved portion in a vess? 1 
water and suck in water to fill the tube to the point B, about 2 in. below 4- Ho 


. H il 
this level by placing the finger over the open end C. Reheat A and draw out unt 
330 


Fic. 17.1 J tube to show 
slow diffusion. 
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the tube is sealed. Add a few crystals of the soluble substance through C. These will 
collect in the crook at D. (The water will not run out after sealing at A.) Place a 
stopper over C to prevent evaporation. The tube must be kept in an upright position 
after the crystals have been added and should be fastened securely to the wall and 
not disturbed. The colored substance will diffuse slowly up the long end of the J 
tube and may be marked at intervals as suggested on the diagram. This may be 
watched for days or weeks. 

If a tube of larger diameter (1⁄2 in. or more) is used and not bent into a J, the 
crystals may be placed in the bottom and water added very carefully with a long 
slender tube. This will show diffusion, but there is usually some convection, causing 
roiling, 


DIFFUSION THROUGH MEMBRANES 


The living system, or protoplasm, of plants and animals is usually separated from 
the environment by some sort of limiting or restraining material called a “mem- 
brane.” These membranes ordinarily must be permeable to such substances as are 
used for food by these organisms and to such waste products as are produced within 
the cells. In most instances, however, these membranes may permit certain sub- 
stances to pass through and prevent others from doing so, or they may allow rapid 
diffusion of some substances and very slow diffusion of others. Such mem- 
branes are said to be differentially permeable (also selectively permeable or semi- 
bermeable). 

Liquids as Simple, Differentially Permeable Membranes. It is easy to demon- 
Strate that the interfaces of liquids may act as differentially permeable membranes. 
This illustrates somewhat the physical phenomena involved in a living organism 
When substances diffuse from cell to cell or from the vacuoles of plant cells into the 
Protoplasms of the same cell. 3 

Materials. Test tube (or other cylindrical glass tube, vial or bottle; a 50-cc. 
burette is ideal); 20 cc. of chloroform; 0.5 cc. of water faintly colored with methyl- 
ene blue (blue ink or eosin is satisfactory); 20 cc. of ether; cork to fit the tube; 
Pipette (medicine dropper or a small bore glass tube will do). 

irst, place the chloroform in the test tube. With the pipette allow the colored 
Water to flow gently onto the surface of the chloroform. In the same manner place 
the ether upon the surface of the water. Tightly stopper the tube and allow it to 
Stand for a few minutes until the colored water forms a cleár-cut layer between the 
ether and the chloroform. Mark the level of the water on the tube with India ink, 
Wax pencil, or gummed label. : 

Set the demonstration where it will not be disturbed and observe over a period of 
Several days or longer. Within a few days it will be noted that the water level is 
higher than the original mark. The water layer is more permeable to ether than to 
chloroform, 

Diffusion of Carbon Dioxide through a Rubber Membrane. When water diffuses 
through cell membranes, any resulting pressure within the retaining membrane is 

nown as osmotic pressure. The release of this pressure results in wilting in plants. 

Materials. Two toy rubber balloons (new ones should be used); two glass jars 
which can be tightly sealed; a simple carbon dioxide generator (see Chap. 13) or 
tank of carbon dioxide. R f b 

Open the balloons so that they will be filled with ordinary air but not inflated 
under pressure. Twist the necks and tie tightly so that they will be airtight. Drop 
Or suspend one of them in one of the jars and seal the jar. The balloon is now sur- 
rounded with air. Fill the other jar with water and displace the water with carbon 
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dioxide from the generator or we Drop the other balloon into the atmosphere of 
QN. ickly seal the jar. s i 
e o (e ane Ape hours or overnight. Ordinarily € hag i 
the carbon dioxide atmosphere becomes inflated. The pressure x A: Wecnine 
balloon is osmotic pressure. The balloon in the atmosphere of air pee =i 
inflated since the rubber is not readily permeable to air. If two : i sands 
inflated to the same pressure and at the same time, one from a person's ua onze 
other from a pump, the one filled from the pump retains its — dide. Ifa 
than the one filled from the lungs because of the loss of the carbon ; ri Mei 
leaf of lettuce is placed upon the laboratory table for an hour a The dic 
wilts. If this leaf is then placed in water it may regain its ‘turgidity. uch plant 
nomenon of osmotic pressure is responsible for the turgidity of many s 
i "mH yater 
a of Osmosis. In the cells of plants the rapid diffusion ple 
becomes the most important factor in the development of osmotic sar o of 
direction of diffusion is altered from time to time by changes in the raana i: act 
sugar, minerals, and other substances in solution in the cell sap. Such ma A relly 
as diluting substances in the water. The life processes depend directly or 
upon this phenomenon. : test 
Bare. Twenty cubic centimeters of 2 to 4 per cent collodion; ! dea eid 
tube (a 50-cc. flask or wide-mouthed bottle will do); 50 cc. of a concentra all-bore 
solution (corn sirup or glucose); 18 to 30-in. piece of vs quart. 
glass tubing; water; glass container that will hold abou ot Uie 
See that the test tube is clean and dry. Pour some nado 
collodion into the tube. Tilt the tube sufficiently for the co net 
to extend from the bottom of the tube to its top, and os er 
the entire inner surface becomes coated with collodion. ou todt 
excess collodion and continue to rotate the tube, peur 
occasionally until the collodion appears dry. The a li loosen 
lined with a fairly tough membrane. After 1 hr. carefu » ]] this 
the membrane from around the mouth of the tube. es space 
loosened portion aside and allow cold water to run into c Figs 
between the tube wall and the collodion membrane ys may 
17.2). This will loosen it entirely from the tube wall, and test for 
be lifted out with the fingers. Fill the bag with water to kept in 
leaks. If the bag is not to be used immediately, it may es itin 
good condition by filling it with water and then spon inn 
à vessel of water. This prevents excessive drying and ha Jution; 
Fic. 17.2 When it is to be used fill it three-fourths full of sugar = ille 
Method of make. ge the mouth tightly, and tie. If any sugar solution was SP the 
sag a Couadion on the outside of the bag w h it off first. Suspend the bag to 
bag for the dem- ag wash it off first. If a piece of glass 
onstration of dif- — depth of the sugar solution in a vessel of water. If a p. ish except 
fusion, tube is available, prepare another bag exactly as the fir hc bag 
that the tubing should be inserted into the open end of t 
and tied. Suspend this bag as the other and support the tubing in some way" flout 
Observe what happens in both bags after half an hour or more. The bag 2s bag 
the tubing becomes distended and tight (turgid). The pressure distending fe too 
is osmotic pressure. If this bag is filled too full at the start and left in the va mato 
long, it may burst, This sometimes happens to plant cells, as for example ae in 
fruits during wet seasons. The liquid rises in the glass tubing, relieving pm ma 
the other bag. Test the water Surrounding the bags for sugar. A good sugar ics wing 
* Collodion solution can be had from a drugstore or may be made up by disso 
collodion cotton (pyroxylin) in equal parts of ether and absolute alcohol. 
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be made with Fehling's solution ? or Benedict's solution.3 A series of several such 
bags containing different concentrations of the sugar solution will, when tested, give 
an interesting set of results that are roughly quantitative to the eye. 

The following questions may be used for discussion: Which moves the more 
rapidly, the sugar from the bag or the water into the bag? The movement of which 
material results in osmotic pressure? How long will the water continue to move into 
the bag? What applications can you make of these principles to plants and 
animals? How would you demonstrate the above principles with plant or animal 
material instead of collodion bags? 

If one does not wish to prepare collodion bags for demonstrations of osmosis, 
cellulose dialyzer tubing is available. The tubing is sold in 100-ft. rolls, with a flat 
width of 156 in. and diameter of 1¥%in. when inflated, by The Arthur H. Thomas 
Company, Philadelphia, Pa. It is relatively inexpensive and is very convenient to 
use. Pieces of the desired length are cut off and the ends tied tightly with cotton 
twine, Also, ordinary wrapping or packaging cellophane may be converted into 
good differentially permeable membranes for demonstrating osmosis. Packaging 
cellophane has a waterproof film on each surface, which must be removed before 
it is suitable for this purpose. This may be done by placing pieces of the cello- 
Phane in 95 per cent ethyl (grain) alcohol for about 3 min. After this treatment, 
transfer to water and usually the film may be wiped off with the fingers. With this 
treatment the cellophane becomes a membrane which is permeable to water. 
Isopropyl alcohol may be substituted for the ethyl alcohol, but requires more time 
(Turtox News, August, 1958). 

. The Use of Living Plant Tissues. The physical process of diffusion through non- 
living membranes has been demonstrated in several ways. The same phenomenon 
can be demonstrated readily with certain living tissues. 

Materials, Two medium-sized carrots or white potatoes; piece of small-bore glass 
tubing 18 in. or more in length; cork borer or small-bladed knife; sugar or sirup; 

€avy rubber band or 4-in. tape; small glass vessels, such as tumblers, jars, or bottles; 


small cork perforated to hold tube. 


Slice off top of carrot to give a flat surface. With a 15-mm. cork borer cut a 


cylindrical plug in the center of the cut end of the carrot parallel to the long axis. 

his plug can be removed readily with a corkscrew or may be carefully cut out 
with a knife. With a knife shape the cut end of the carrot like the neck of a bottle 
(see Fig. 17.3), making the neck about 15 mm. high. This neck need be no more 
than about 3 mm. thick. Fill the cavity of this carrot about one-half to three-fourths 
full of granulated sugar or concentrated sirup. Fit the glass tube into the cork 
tightly so that there will be no leaks (it must hold liquids). Insert this cork with 


? Fehling's solution is made by mixing parts A and B each time just before it is used. 


€ A and B solutions are made as follows: Solution A: 17.3 g. copper sulfate made 
"p to 250 cc, with distilled water. Solution B: 86.5 g. sodium potassium tartrate 
(Rochelle salts) to 125 cc. distilled water, 25 g. sodium hydroxide to 125 cc. distilled 
Water. When parts A and B are mixed and added to a sugar solution and the mixture 
1s heated, a reddish-brown (or yellow) precipitate (cuprous oxide) is produced. The 
Quantity of precipitate will increase with any increase in the concentration of the 
Sugar solution. 

Benedict’s solution is made as follows: 
anhydrous sodium carbonate to 600 cc. of 
are dissolved. Filter this solution. Add 17. 
Water. After the copper sulfate has dissolved, 
Citrate and sodium carbonate solution, with 
Water to bring the whole solution up to 1 liter. 
Sugar solution and heated, a brick-red color develops. When no 


solution remains blue upon heating. 


Add 173 g. of sodium citrate and 100 g. of 
distilled water and heat until the chemicals 
3 g. of copper sulfate to 150 cc. of distilled 
slowly add this solution to the sodium 
constant stirring. Add enough distilled 
When this solution is mixed with a 
sugar is present, the 
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its tube into the neck of the carrot bottle. Seal it by means of the rubber pete 
tape, cutting the rubber band, if it is used, and tying as you would a ne aon ep 
or narrow rubber band will cut through the soft plant tissue. If the cavity ph 
the sirup will rise into the tube. Mark this an — ten vig ina 

h for a slow rise of the sugar solution in the glass 1 . 
Weed kai aa is as follows. Cut both ends off a carrot, or apos, 
so that the cut surfaces are parallel to each other. With a cork borer = na 
bladed knife make a pit in one of these surfaces. This forms the vegeta E cup" 
sort of "cup." Half fill the cavity with dry sugar or heavy sirup. Set "^ * nih 
in a pan or dish of water (see Fig. 17.4). If the potato is used, peel the portio 


Fic. 17.3 Ap- 
paratus for dem- 
Onstrating os- 
mosis, using a 
carrot with its 
living cell mem- 
branes. 


Fic. 17.4 Potato tuber cup for demon- 
strating osmosis. 


is to be submerged in water, If 
bacterial action can be 
(carbolic acid), or dro 


id 
the air temperature is high in the laboratory pt 
prevented by the addition of a few crystals of P " 
ps if the liquid is at hand, to both the sugar seo te 
water. Within a few hours the sugar will be dissolved and the “cup” will be 
with liquid. When the sirup is used, the volume of the liquid also will increase. 2» 

Diffusion into a Desiccated Frog. The following makes an excellent pouce 
the entire class or for a small group of students. Besides illustrating m o! 
through animal membranes, this experiment shows the method of absorptio 
water by a frog (which is said not to drink water by mouth). the 

Materials. 'Two living frogs; two jars or cans to be used as containers for 
frogs; scales for weighing the frogs. e the 

Weigh each frog in a can or Jar, subtracting the weight of the can so as to hav ater 
exact weight of the frogs alone. Place each frog in a container and add 1 in. ROM hrs 
to one of the cans, keeping the other perfectly dry. Do not feed either frog for is al 
and then get the exact weight of each frog again. Record all weights. If there 1 
change in either frog, find out how much (figure the loss in per cent). This may 
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continued another 24 hr. if desired. Then add 1 in. of water to the frog container 
Which has been dry and let stand overnight. Weigh each frog as before. Record what 
has happened. If accurate records of each weight and the percentage of loss and 
gain are recorded, this little problem represents a good elementary experience for 
the student in the making of observations, the recording of data, and the interpre- 
tation of that data; in other words, an introduction to the scientific method of pro- 
cedure. The teacher should supervise the work to ensure exactness. 

The Frog-skin Boot. Will water diffuse into the body of a frog when it is in 
water? (This demonstration may be used independently or as a continuation of the 
preceding one on loss of weight of a frog by drying.) 

Materials. One recently killed frog; sirup or sugar solution; piece of small-bore 
glass tubing; tumbler, can, or beaker; short piece of string. 

Cut the skin around the frog's leg just below the hip. Peel this skin down 
toward the knee and then toward the ankle just as in removing a stocking. Stop at 
the ankle. Cut the foot off, leaving it inside the skin, since it is impossible to remove 
the skin from the foot without tearing it. Into the boot which you have made pour 
Some concentrated sirup or sugar and water. Tie the top of the boot around the 
*nd of a glass tube, so that it will not leak, by winding the string around several 
times before tying. Submerge the boot in a can or glass of water up to the level of 
the string, but not above it. If the sirup stands up in the glass tube, mark the level 
and observe the rise of level after several hours or longer. (If this experiment is 
Considered in relation to the one on the drying and absorption of water by the frog, 
it has a direct bearing upon the explanation.) 

, The Digestive Tract and Other Visceral Membranes. Most of the thin sheet 
tissues of an animal can be used as diffusion membranes if stretched across a thistle 
tube and tightly tied. The mesentery, if free from holes, the stomach and intestine, 
9r the urinary bladder serve satisfactorily. h : . 

A good illustration of diffusion approximating absorption of digested food into 
the blood stream is very illuminating and may be made easily by using the in- 
testinal tract of any small vertebrate, such as a frog, mouse or rat, guinea pig, 
fair-sized fish, or a piece of chicken intestine. 

Materials, Any small vertebrate such as suggested above; tumbler, beaker, or 
small can; string; sugar solution; starch suspension (in water); iodine (tincture or 


aqueous solution) ; Fehling’s solution. 
, Remove the stomach and intestine entire and 
intact. Clean out the intestinal contents and flush 
With water by inserting a medicine dropper into 
9ne end. Fill as nearly as possible with the sugar 
Solution, Tie both ends of the tract tightly after 
lling and suspend in a tumbler of water in such 
^ manner as to leave both tied ends above the 
Water level (see Fig. 17.5). If any of the sugar 
Solution was spilled on the outside of the tract, be 
Sure to wash it off before the preparation is sus- 
Pended in the water. Test the water in the tum- 
ler immediately for sugar. Note results. Test the 
Water again after several hours or overnight. If the 
tumbler did not have too much water in it to be- 
"a With, there should be a good sugar test this 
e. 

Make a similar setup or use the same one later, using starch and water in the place 
of sugar and water. Test the surrounding water for starch immediately and after 
Several hours. Test for sugar after several hours or overnight. If sugar should be 
found in the water, it will make a very interesting question for class discussion. (If 


Fic. 17.5 Portion of a digestive 
tract filled with sirup or honey 
to demonstrate diffusion. 
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enough enzymes were present in the tract to convert some of the starch to sugar, it 
might be found in the tumbler. This may not happen.) 


CHANGING THE PERMEABILITY OF CELL MEMBRANES 


Many substances are retained within a cell because the limiting membrane (proto- 
plasmic membrane) is little or not at all permeable to those substances. This con- 
dition of permeability is essential to the life processes going on within the or- 
ganism. 

The Common Garden Beet. Permeability of membranes may be increased by 
certain treatments. This can be demonstrated easily by using cubes of the common 
garden beet. The red color of the beet is due to the presence of a pigment (antho- 
cyanin) which is in solution in the cell sap. Ordinarily the cell membranes are not 
permeable to this pigment. However, by treatment with anesthetics, toxic sub- 
stances such as sodium and calcium chloride, or by low and high temperatures, 
the permeability is greatly increased and the anthocyanin readily diffuses out. 

Materials. An ordinary garden beet which has not been exposed to frost or 
freezing temperatures; 10 test tubes or any other glass containers; ether, chloroform, 
sodium chloride (table salt), calcium chloride; a freezing mixture of ice and salt (3 
parts cracked ice to 1 part of salt) or a refrigerator which will give temperatures © 
0 and 10°C.; an alcohol burner or other source of heat; gummed labels; thermom- 
eter; ordinary chemical scale (see Fig. 13.7). 3 

ut ten J4-in. cubes from the beet. Rinse these in water at room temperature until 
all traces of the red pigment which escapes from the injured cells have been removed. 
If the pigment continues to diffuse out after a few rinses, try another beet, as the 
first one has been frosted or injured. Place a cube in each of the 10 test tubes. Label 
cach tube, giving the treatment (substance used, etc.) to which it is to be subjected. 
Treat one cube With ether, a second with chloroform, a third with 10 per cent salt, 
a fourth with 10 per cent calcium chloride. Allow all four to stand 10 to 15 min. 
decant the liquids and replace them with ordinary water. Set these aside and after 
a few minutes Observe what happens. Cover a fifth untreated cube with water an 
keep at room temperature. This is to be used as a check against the other nine. 
Cover the remaining cubes with water and subject one of each to one of the following 
temperatures: 0, 10, 40, and 60°C., and boiling temperature. The cubes to be 
treated at 0 and 10°C, should be exposed to the low temperatures for 20 to L 
min.; a few minutes is sufficient for the others. Observe each of the 10 tubes for the 
appearance of traces of anthocyanin in the surrounding water. 

Turgidity of Plant Tissues, Many plant tissues are rigid because of supporting oT 
mechanical tissues. Others are rigid because of high osmotic pressure within the cells. 
Rena Carrot (potato tuber, beet, radish, parsnip, cucumber, or y 

gan may be used); container for water; a strong sodium chloride (sa 


solution; concentrated sugar solutio: i i i er OF 
n (corn sirup is ve satisfactory); burn 
other source of heat, ji a Fi 


Peel the carrot and 
thick. Note that thi 
container and cover w; 
of solution). Allow th 
death may occur. T 


3 to 4 min. Th à 
half an hour or more and test again. Turgidity of i 
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boiled carrot is not regained since the tissues are dead and the membranes are more 
permeable. 


PLASMOLYSIS 


Demonstration of Water Loss from Cells. Excessive loss of water from the vacuole 
of a plant cell results in a pulling away of the cytoplasm from the cell wall. When in 
this condition the cell is said to be plasmolyzed. Ordinarily, if the cell remains 
plasmolyzed for long, death occurs. The red corpuscles of animal blood show plas- 
molysis readily, but the cell membrane draws in with the shrinking of the cytoplasm, 
resulting in a withering or crinkling of the surface. 

Materials. Living Spirogyra (some other filamentous algae will also serve), or the 
leaves of elodea, leaf epidermis of purple wandering Jew (Tradescantia), etc.; small 
drop of blood; small amount of concentrated salt or sugar solution; microscope slide 
and cover glass; water; compound microscope. 

Mount a few filaments of the Spirogyra in a drop of water on the slide, cover with 
the cover glass and examine with the microscope. Note that the chloroplast is in a 
definite spiral form, lying more or less against the inner surface of the wall. Occasion- 
ally the nucleus may be seen as if suspended near the center of the cell by strands of 
cytoplasm. Place a drop or two of the sugar (or salt) solution along one edge of the 
cover glass. At the opposite edge of the cover glass, place a piece of blotter or filter 
Paper in contact with the water under the cover glass. This will draw out the water 
from under the cover glass, and it will be replaced by the sugar solution. Watch this 
Preparation for effects upon the plant cells. After the changes have been noted, 
Temove the filaments and place in water again. If the cells have not been killed, they 
will regain their original appearance. A similar demonstration may be made using 

lood cells instead of Spirogyra. The corpuscles, however, should be placed in the 
drop of sugar or salt solution at once before adding the cover glass, since drawing 
out the water with the blotter will also remove them. The concentrating of the cell 
Contents and consequent shrinking of the cytoplasm is a demonstration of plas- 


molysis, 


IMBIBITION 


Effects of Absorption of Water. Imbibition is the diffusion of a liquid into a 
Solid, resulting in the swelling of the solid. Particles of colloidal material in the gel 
State usually have an affinity for water. This affinity is often so great that water is 
absorbed from the environment even against enormous pressures. 

Materials. Sheet of dry gelatin; dry bean seeds; castor-bean seeds; two thoroughly 
dried blocks of wood; one C-shaped screw clamp; ruler; a few date seeds; scales or 


balance Fi 
NE cae arn r for 20 min. Count out 25 beans. Measure 


soak them in water overnight, and 
d to get the amount of water 
s again. Remove the seed coat from a castor 


ean Measure the dry blocks of w 
F hold in place, but not tight enoug! 

he blocks may be weighed before 
9r this purpose. Compare the soa 
tensile strength, transparency, weight, 
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soaked beans with that of the dry. Note the rupture of the seed coats. Compare the 
dry and wet measurements of the wood blocks. 


EFFECTS OF MOLECULAR MOVEMENT 


Brownian Movement. The molecules of all substances are in a state of picis 
The force which causes diffusion is this molecular movement. These moving pet 
cules collide with each other as well as with the molecules of other men td 
which they come in contact. Molecules are too small to be seen with the diss 
powered microscope, but impacts of these moving molecules with small, but me 
particles of other substances may cause those particles to move, and this "p thao 
may be detected under magnification. The peculiar vibrating movement o 
tiny particles is known as Brownian movement. P -aiao 

Materials. Compound microscope with a high-power objective (4 x1 a subs 
scope slide and cover glass; water and a small quantity of some finely divide x 
stance which is not soluble in water: chalk dust, wall plaster, inate! A 
carmine (a red dye), lampblack, vermiculite, plaster of paris or gypsum T ent 
sulfate), pumice, graphite (lubricating powder), calcium carbonate, an its 
flour. Any of these materials may be improved by grinding with a mortar and b can 

Place an amount of graphite, or any of the other substances selected, whic ied 
be scooped up on a dime in 25 cc. of water. To aid in the dispersal, add TM 
granules of a laundry detergent. Shake thoroughly and let stand for a abeo 
With a medicine dropper place a drop of the suspended material on a micro of à 
slide. Cover with a cover glass and examine with the high-power objective 
microscope. i 

Look for a vibratory movement of the small particles of the substance in the ber 
They do not move across the field of view from one side to the other but, E^ a 
they move back and forth in minute paths, Remember that the movement Met 
particles is not the result of the activity of its own molecules but the bombar 


: ; an 
of these particles by the molecules of water which are moving more rapidly th 
the molecules of the solid. 


The attenuated a 
almost invariabl 
Closterium. 


A * A hich 
pices of the desmid Closterium contain gypsum particle tu ol 
y show Brownian movement. See Chap. 12 for a descripti 
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CHAPTER 18 


-4 Circulation &- 


Circulation, in the usual sense of the term, is a function which is peculiar 
to animals but not common to all of them. It usually involves the passing of 
a fluid called the “blood” through tubes called *blood vessels" (veins, 
arteries, and capillaries) or spaces called “sinuses.” It is true that there is 
the passage of water through plants and the movement of cytoplasm within 
cells, but these are not comparable to true circulation in most cases.and will 


be considered under other headings. 


BLOOD 


Structure of Blood. Long before a child enters school he is aware of the presence 
of blood in his own body and the bodies of other animals. He has cut his skin and 
Seen the red fluid seep from the wound. He has seen the formation of a clot and 
Scab, and he may have learned that the blood contains something known as “cor- 
Puscles.” All this may safely be assumed; therefore, it becomes our duty in biology 
teaching to make sure that he sees and understands of what the blood is composed. 


aterials, Half pint or pint of fresh blood; fork or small straight stick; test tube 


or vial; some small dishes or a bowl about the size of a soup bowl; microscope and 
r with cap; normal salt solution (0.9 per 


a glass slide, co ; pint or quart ja 
cent NaCl), ver glass; pin q J 
d Blood Cells. Make a microscope preparation 
roplet of blood upon a slide. Bring the edge of a cover glass or another slide into 
Contact with this drop and drag it across the slide. This will seem to wipe off the 
Cod, but it is merely because the blood is spread so thinly. Lay the cover glass 
Upon the smear and examine under high power for the red corpuscles (see Fig. 
18.1), The blood cells will appear to have lost their red color. Occasionally an 
irregular cell will appear. It may have more than one nuclear body. These are white 
Cells, If a small amount of fresh pus can be obtained, as from a pimple, smear it 
and examine. Pus is mostly white blood corpuscles. It ‘makes a splendid contrast 
With the red cell smear. A drop of fountain-pen ink in a little water may be poured 
ver the smear before the cover glass is added. This will stain the cells slightly. 
hey must be smeared thinly over the slide. A drop of Wright’s stain is better, if 
available. Pus from a very recently festered source is best. If it is old the cells 
will have disintegrated. 3 
Plasma and Fibrin. Fresh blood may be obtained at any packing house or 
Slaughterhouse, It must be collected as it emerges from the animal. The butcher 
will usually permit a vein to be opened and a glass tube inserted if you ask. Collect 
the fresh blood in the pint or quart jar, nearly filling it, Screw the cap on tightly to 
€ep out the air. The blood may clot on the upper surface, but the lower portions 
will keep for a short time. If some of the fresh portion of blood is poured into a 
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of blood to show corpuscles. Place a 
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i clotti vi tinue 
bowl and whipped very slowly with a fork or small stick, the uci pane e 
with the formation of strings of material (fibrin) which Ya a i m epe 
the corpuscles. If some of the blood is allowed to stand ina = o apte 
the clot will form, leaving a clear or straw-colored liquid, the incar ee enn’ 
Such questions as: “What causes clotting and the value of it? MR 
philia and what can be done about it?" may be discussed or reported by 


rance 
Fic. 18.1 The making of a blood smear: A, smearing a drop of blood; B, appe? 
of blood cells that may be seen. 


* the 
The Flow of Blood. The fact that the blood flows or is pumped abont or 
blood vessels is well known to the student, but few, if any, ever have =o aise are 
normally within these tubes, Indirectly the beating of the heart an € o 
evidences of blood flow and should be studied as well as other pheno 
circulation, any 
Circulation in the Tail of a Fish or Tadpole. Materials. A goldfish (ama see 
other fish will do); a fish or frog board (see Fig. 18.2); thumbtacks or P scope 
of cloth about 4 by 12 in., or small cloth tobacco sack with drawstring; mic 
small grass frog. of a 
CERE ihe fisco of cloth with water and wrap it loosely around the boty ae 
small fish. Spread the tail fin over the hole in the board and fasten it yii i ater on 
tacks. Then fasten the cloth to the board in the same manner. Pour a little wa 


the head end of the wrapped fish. Examine the tail under a microscope rillaries 
will easily see the blood vessels running along the rays of the tail fin and Td P 
running between larger vessels, Keep the spread tail wet at all times. Th 
require dropping a little water on it ev 


: more 
ery few minutes. If the fish is not unm pe in 
than 20 min. and is kept wet, it may be returned to the aquarium and W! 


stra- 

good condition. A tadpole may be used exactly as the fish for the above demo” 

tion. fishy 
Circulation in the Web of 


a Frog’s Foot. If a grass frog is substituted for the 


a 
: ch i t spree 
9 sack or wrapped just as the fish, with its foo ions 


it may be placed in a tobacc 


over the hole (see Fig. 18.2). This offers one of the finest obtainable demonst! 
of circulating blood. 


Circulation in the Internal 
sacrificed, the body may be o; 


s à 

y ul of g stomach, intestines, and lungs. If the 1uns* i. 
inflated with air they should be placed under the microscope at once ane h 
surface examined. The saclike character of the lungs, their thin walls, 2” 
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complete network of minute capillaries show beautifully when the lungs are well 
inflated and demonstrate vividly how the blood stream comes into intimate 
relation with the air inhaled into the lungs. The lungs can be forcibly inflated by 
inserting a small glass tube through the mouth and glottis and forcing air through 
this into the lungs. It is difficult to keep them inflated. 

Stomach and Mesentery. The surface of the stomach frequently shows very 
clearly the flow of blood in the blood vessels if a good light can be directed upon 
it from above. Some of these vessels, with the aid of a microscope, can be seen to 
turn down into the stomach wall and disappear in the tissues. The thin transparent 
membrane (mesentery) stretching between intestines and. other organs is full of 
blood vessels. If properly spread out beneath the microscope, the circulation may 
be readily observed. 


Board 


Fic. 18.2 Method of spreading Fic. 18.3 Method of destroying a frog’s 
a frog's foot web A, and a fish brain by pithing. 

tail fin B to show circulation of 

blood, 


Circulation in the Chick Embryo and Fish Fry. The preparation of a chick 
embryo and its blood vessels has been described in Chap. 22. Use may be made 
Of this for circulation. If fish eggs are available at any time and can be hatched, be 
Sure to see the newly emerged fry with yolk sac. They are nearly transparent, and 

eautiful circulation demonstrations can be made from them. The beating heart 


and gill circulation may be scen. 
Circulation in a Rabbit Ear. Materials. 
Microscope, b ais igt: 
From the thinnest portion of the ear of a young rabbit clip away the hair with 
scissors, Then shave this area with a safety razor after softening the hair with soap 
and water, Be careful not to cut the skin. Place the rabbit near the stage of the 
Microscope, hold it firmly and bend the ear over the stage so as to be able to focus 
à strong light from the mirror through the shaved spot. If the ear is thin, the light 
right, and care used in focusing, the circulation shows plainly. It is a little less 
‘Convenient to use than fish or frog because the rabbit may move and require 
Constant attention, but does very well if a rabbit is more easily obtained. 
irculation in the Earthworm. Materials. Large earthworms (night crawlers) ; 
a dozen common pins; wax-bottomed pan or a soft pine board; hand lens or low- 
Power microscope; grain alcohol; shallow pan or dish; fine-pointed scissors. 
lace a large worm in the shallow pan or dish and pour in enough water to about 


A young rabbit; scissors, razor blade; 
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cover the worm. Add enough alcohol to make the solution 2 or 3 per cent. Stir 
thoroughly and in a few minutes add the same amount of alcohol again, making 
5 or 6 per cent. After several minutes the alcohol will have anesthetized the worm 
and it will become almost inactive. Watch carefully to avoid killing the worm. 
Remove it from the alcohol and wash in fresh water. Lay the worm on the wax- 
bottomed pan or board. Pin it tightly, as shown in Fig. 18.4. Very carefully cut 
through the middorsal line of the worm, making certain to cut only as deep as the 
body wall. Pin this out, as shown in Fig. 18.4, and it will disclose the dorsal blood 
vessel and the five pairs of beating hearts. This is a striking illustration of circula- 
tion in an invertebrate. It is possible to make the dissection without anesthetizing 
the worm, but it writhes violently and the dissection is difficult. Watch a large 


Fic. 18.4 Method of dissecting and spreading an earthworm to expose the hearts- 


worm as it lies or crawls upon a table. Along its middorsal line the blood vessel 


can be seen plainly and the direction of flow (posterior to anterior) will be dis- 
covered. 


CIRCULATORY ORGANS 


Structure of Vessels. Cross Sections. To show the structure of vessels, preserve 
pieces of blood vessels (vein and artery) in formalin and cut very thin rings from 
sem um a razor so that the make-up of these tubes may be seen and compare" 
If the Piece to be sectioned is dipped into warm paraffin (barely melted) and wit 
drawn immediately and cooled, then dipped again and again in like manner, ? 
paraffin block will be formed which can be fitted into the hand microtome (PIE 
18.5) and much thinner sections cut from it. An examination of the sections Cl 
from a vein compared with those cut from an artery shows the difference in their 
structure. Another method is to push a piece of pith into a blood vessel so as fo 


fill the cavity and then surround the vessel with more pith. Fasten this in the 
microtome and section. 


who kills his own meat and arrange to secure a heart from a pig or calf wit he 
blood vessels attached. It is usually difficult to make the butcher understan P 
am do m wish the ticar dressed as for market, but insist upon it. Such a x 
Will make a very satisfactory specimen f, i ted are 
difference in the size of the r pi aseo, euin besig 
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Stops, the vessel can be slightly opened and the action of the valve actually seen 
(Fig. 18.6). The chambers of the heart should also be opened to give an idea of the 
difference in the walls of the chambers and to show the tricuspid and mitral valves. 

The Heart Beat. The following experiment should not be omitted from any study 
of circulation because it is the one demonstration which will interest every student, 
and it offers an opportunity to introduce elementary students to controlled experi- 
mentation, to the scientific method of observation, and to the recording and inter- 
pretation of data. 

Materials. A large frog or turtle with shell 5 to 7 in. in length; pan in which to 
place dissected animal; small saw for cutting shell if turtle is used; scissors for dis- 
secting; thread; a lever as shown in Fig. 18.7. 


"Pencil 


Pith or 
_~ paraffin 


Y 
V 
D 


r 


Y 
y 
—-- Bolt Semilunar valves 


Fic. 18.5 Homemade Fic. 18.6 The semilunar valves in the 


hand microtome to be aorta. 
used with a razor blade. 


Pith a frog and expose its heart through the ventral surface of its body. If a 
turtle is used etherize it, as it will be necessary to saw the lower shell (plastron) 
OOS€ on each side. When it has been carefully removed the heart will be exposed. 
In all dissections it is best to avoid cutting large blood vessels as the loss of much 


lood may cause the heart beat to stop. 

It but a few iei to use s preparation they may assemble about the 
Specimen to watch it. If the class is too Jarge for this method the lever shown in 
Fig. 18.7 should be attached to the heart. This will serve to visualize the beating to 
the entire room. The lever may be made from any materials available such as the 
ollowing: a base from any flat board; an L arm to the end of which is fastened a 
disk of smooth-surfaced cardboard on a nail or pin small enough to allow it to turn 
very freely, See Fig. 18.7B for details of arrangement of moving parts. The thread is 
attached to a hook made from a bent pin. This is fastened to the tip of the heart 
(Fig. 18.7C) and the string drawn taut so that any movement of the heart will lift 
the lever. The movements of the lever will be seen wi 

€ room. J 

An Experiment on Rate of Beat. Have the class count the number of beats while 
ne student keeps time with a watch. Get several ⁄2-min. counts and let the class 
record in terms of beats per minute. Record the room temperature. Slowly pour 
Over the heart and body some water which is about 40°C. (warm but not hot). Add 
Enough of this to just cover the body and heart. Let the class count and record the 
Fate of beating again. Drain the warm water off of the animal and replace it with 


thout difficulty anywhere in 
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i i diate 
cold water about 10°C. Count and record the beats again. Other ume 
témperatures may be used if desired. Do not fail to have the data recorde aude 
bon and averaged or summarized. If several temperatures are used a grap 


drawn from the data. 
^ 
su, strow 


‘Stick | ~- Thread 


Ventricle ---+-- 


A 


; tail of 
Fic. 18.7 Apparatus for demonstrating heart beat: A, complete setup; B, de 
lever arm; C, hook to attach to ventricle. 


A discussion should follow which should bring out the relation of rate of agni 
temperature. This opens the way for a discussion of whether other ewe he 
as arm- and leg-muscle contraction, etc., are similarly affected. If one nd they 
capable students care to work this out as a project it should be allowed, a 3 
could demonstrate it with leg muscle of a frog for the class at the proper time. 
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CHAPTER 19 


- Respiration b 


One of the outstanding differences between matter in the living and in the 
dead states is in the continuous chemical change that is taking place within 
the living system. These changes frequently result in the transformation of 
relatively complex compounds into simpler compounds. The commonest 
reactions of this type involve the addition of oxygen or the oxidation of 
materials within the cells. This is respiration. One of the results of respiration 
is the release or transfer of energy. As far as is known, this process occurs in 
all living cells and it is one of the fundamental processes of plant and animal 
life. The oxidation in this instance is slow when compared to the combustion 
of a piece of coal or wood. However, the underlying principle is exactly the 
same. The resulting products in both cases are ordinarily identical. By means 
of certain tests these products can be detected and measured. 


OXIDATION AND ITS RESULTS 


Test for Carbon Dioxide. Lime Carbonate. If the carbon dioxide generator 
described in Chap. 13 is put into operation and a little of this gas allowed to bubble 
through a test tube or glass of limewater 1 the carbon dioxide will unite with the 
lime, forming a carbonate of lime which is not soluble in water. The carbonate is 
White in color and therefore the limewater becomes milky. This is the usual simple 
test for the presence of carbon dioxide in air or gases. 

Water as a Product of Oxidation. Condensation of Water over a Flame. Light 
à gas burner, alcohol burner, or candle. Hold a cold plate of glass or smooth metal 
about 6 to 10 in. above thc flame and a deposit of moisture resembling dew will 
form on the surface. Be sure that the collecting plate is cold. It should be placed 
in a refrigerator or outside a window on à cold day to get best results. The water 
will disappear again if the plate becomes warm. How can you show that the water 
iS à product of the combustion or oxidation and not moisture from the air? The 
Part of the plate held over the flame becomes much wetter than the rest. 

Oxidation. Ignition of Match Heads. The student is likely to be familiar with 
burning and rusting as examples of oxidation. The teacher also should see that the 
idea of the formation of new products (commonly carbon dioxide and water) is the 
frequent result of oxidation. A demonstration which will impress upon the student's 
mind the relation of the volume of oxygen consumed to the volume of material 
Oxidized may be of value. The following simple setup can serve several purposes. 

Materials. A small jar of any kind that has a cork or close fitting lid and does not 

Limewater is made by placing ordinary slaked lime in water, mixing thoroughly. 
and allowing it to stand until the excess lime has settled out. The clear liquid is 
coed or siphoned off and until used kept in tightly c! 

orption of carbon dioxide from the air. 
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orked bottles so as to prevent 
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hold more than 74 pt.; cork small enough to pass into the jar through the mouth; 
six ordinary matches; piece of wire or small metal rod; thermometer. 

Sharpen the matches and stick them into the small cork 
in a straight row in such a manner that each match head is 
about 14 in. from the one next to it (Fig. 19.1). Place the 
cork and its matches in the bottom of the jar. Take the 
temperature within the jar and record it. Heat the end of 
the wire. Thrust it into the jar and ignite the head of a 
match at one end of the row. Withdraw the wire and im- 
mediately close the jar tightly. The flaming match will 
ignite only one, or possibly two, more heads but these will 
be extinguished almost immediately, showing that even à 
match head cannot be ignited in the absence of oxygen. 
Take the temperature inside the bottle and compare with 
the original. This change in temperature indicates the 
transfer and transformation of energy from the material © 
the match heads to the heat of the air. The cork a 

Fic. 19.1 Apparatus ™@tches should next be removed from the jar and p 
to show relation of vol- PON the table. If the head at the other end of the ro vil 
ume of oxygen con- POW ignited the entire line will ignite and the sticks 
sumed to volume of burn as well. 
material oxidized. Suggested questions which it should be possible for the 
S class to answer: What caused the “suffocation” of E 
matches in the jar? What was the source of the heat (energy) in the jar whic 
brought about the rise in temperature? Draw a parallel between the jar with its 
matches and a cell with its food supply. 


OXYGEN CONSUMPTION AS AN INDICATOR OF RESPIRATION 


Germinating Seeds. Place enough germinating seeds (corn, beans, peas, whe 
etc.) in a jar to fill it about one-third full. Close tightly and allow it to stand fo 
Several hours or overnight, Light a long slender stick, remove the stopper a^ 
quickly thrust the flaming stick into the jar. The flame is extinguished, showing 
the lack of oxygen. Repeat the test with another similar jar that has been Nr 
at the same time as the one with the germinating seeds but which had nothing 1? D 
except normal air. Compare the results and account for the difference. This idea © 


wheat grains; t * : t 
or bottles may be substituted) mier ee nausea pling, | 4 


cheesecloth or cotton plug down on e ' ; Phe 
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other over mercury or acidulated water. Allow the experiment to continue for. 
Several hours. The cylinder over the potassium hydroxide or sodium hydroxide 
will show a rise of the liquid (see Fig. 19.2). The check apparatus over the mercury 
or acidulated water remains the same as at 
the start, Potassium hydroxide absorbs car- 
bon dioxide while mercury or acidulated 
Water does not. In the apparatus over the 
Potassium hydroxide the carbon dioxide 
released. by the germinating wheat is ab- 
sorbed by the solution. The grains absorb 
OXygen, reducing the pressure within the 
Cylinder and, consequently, the potassium 
hydroxide rises. The height of the column 
9f liquid may be noted on the calibrations. 

he volume of this column of liquid is 
Approximately equal to the volume of oxy- 
gen absorbed by the germinating grains 
Since the experiment started. The volume 
may be determined in terms of cubic centi- 
Meters by removing the cylinder from the 
Potassium hydroxide and filling with water. 

hen pour off (or remove with a pipette) 


€ water down to the point reached by the j 
Potassium hydroxide. The volume of the water removed is the same as the volume 


of Oxygen absorbed. Note the check apparatus (see respiratory ratio or respiratory 
quotient). If fat-containing seeds were used what may happen to the mercury? 
1s experiment may be repeated with small opening flower buds or green leaves. 
the leaves are used the apparatus should be kept in the dark to prevent photo- 
Synthesis from occurring. Repeat, using several insects instead of seeds. 

Effect of Insufficient Oxygen Supply. Flooding of land plants, earth fills around 
tree trunks, hardened closely packed soil surrounding root systems, etc., may cause 
death of plants. Agricultural lands are drained, cultivated, and retaining walls are 
Constructed about trees where fills are to be made in order to prevent loss of val- 
"able plants. Several factors may be involved in such deaths, but a lack of adequate 
oxygen suppl is the most important. i 

aterial; e anon Dated spera (coleus planis are satisfactory) of the same 

age and size; a battery jar (a wide-mouthed gallon pickle jar may be used) or other 
B'ass container large enough in which to submerge one of the potted plants; light- 
Proof box (shipping carton); bell jar (a wide-mouthed gallon pickle jar with lid 
UT be substituted); 200 cc. of a saturated solution of potassium hydroxide or 
dium hydroxide. . f) 
ubmerge Ro the plants in the battery jar filled with water. Place it in a warm 
(about 70°F.) light situation. Place a second plant in the dark box alongside the 
first, See that the soil is kept moist. Place a third plant under the bell jar which 
"45 a carbon dioxide-free atmosphere (see Chap. 15, Photosynthesis, for prepara- 
tion), Keep this plant exposed to light along with the first. The fourth plant may 
€ kept along with the other three as a check. Death of the submerged plant may 
Occur within 10 days to 2 weeks. Death is due to suffocation because of an inade- 
uate oxygen supply, Some student may suggest that the plant died of starvation 
ue to reduced light in the water. To answer this, observation is made of the plant 
€pt in the dark box. It will be found alive and in fairly good condition. Others 
may argue that there was a lack of carbon dioxide in the water and that this caused 
Starvation. To answer this, the plant in the carbon dioxide-free atmosphere may be 


~Germinating 
seeds 


-Cotton 


--350d/um 
f hydroxide 
uj VPN | 


Fic. 19.2 Apparatus for measuring 
the oxygen absorbed by germinating 
seeds. 
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observed. It will be found in much better condition than the submerged plant. In 
addition, a starch test may be made on leaves of the submerged plant. The presence 
of starch indicates that the plant did not die of starvation. 

The rate of diffusion of dissolved oxygen from water into tissues varies greatly 
in different plant species because of differences in tissue structure. The structures 
of aquatic plants are such that sufficient oxygen may diffuse into their tissues, 
allowing normal respiration to occur. Generally, for land plants, tissue structures are 
such that sufficient oxygen cannot diffuse into the cells when submerged, and death 
from suffocation results the same as may occur for land animals under the same 
conditions. 

Germinating Seeds with and without Oxygen. In most living tissues free oxygen 
is necessary before respiration can occur. If respiration is prevented, growth cannot 
take place. In general, if seeds are placed deep in soil or water, sufficient oxygen 
is not available for their germination. š 

Materials. Freshly soaked seeds or grains such as wheat; two bottles with 
stoppers; string; two small pieces of mosquito netting; about 40 cc. of freshly made 
potassium pyrogallate (made by mixing equal volumes of t 
6% per cent pyrogallic acid solution and a 33⁄4 per cen 
potassium hydroxide solution imrnediately before using): 

Divide the number of soaked seeds equally. Bag each group 
of seeds in the pieces of mosquito netting. Tie each bag 
securely with string, leaving one end of the string long. Moiste? 
each bag of seeds with water. Suspend a bag of sceds in an 
bottle from the bottom of the cork. A pin will attach v 
string to the cork. Prepare the potassium pyrogallate, pour i 
into one bottle and stopper immediately. Pour an equ 


quantity of water into the other bottle and stopper with T 
bag of seeds suspended above the liquid (see Fig. 19.3). wr 
Potassium the two bottles to stand for a few days and observe the W Eos 
pyrogallate grains. The bottle with the potassium pyrogallate soon pem 


oxygen free since this substance has a strong affinity | 
E a oxygen. The other bottle still contains free oxygen SIP te in 
ing the relation of Water will dissolve but a small portion. The seeds germina en- 
oxygen to germina- the atmosphere containing oxygen; those in the oXyE 
tion. deficient atmosphere do not. Ordinary garden peas may 
A used to show a seed type which does not require free p 
for germination. Soak and suspend these over the potassium pyrogallate as ^ bic 
experiment above. This type of respiration is known as intramolecular or ander? 
respiration. ion it 
_ A Simple Respiration Apparatus. In the teaching of the subject of respiration Je 
is most convenient to show the absorption of oxygen and release of carbon lio% 
as evidence of the actual process of respiration having taken place within e 
organism. To do this a fairly simple apparatus can be constructed which will se o 
equally well for any kind of plant or animal material. This general usefulness 
the setup makes it unusually valuable. 

Materials. Three Y-pt. milk bottles (wide-mouthed bottles or small 
stoppers to fit these bottles; one pint jar or bottle; some glass tubing to connec 
bottles in a series; limewater; some large vessel such as a 5-gal. oil can, 
a bottle; bucket. Instead of the last four items which are used as a mean ir- 
forcing EE through the smaller vessels, an "T pump of any sort oF ar ie 
Pressure line may be substituted (see Fig. 13,3). Figure 19.4 shows the ene 
arrangement of these materials in assembling the apparatus. Two of the bottles des 
fitted with the stoppers and tubes and partly filled with limewater. These " 


ce the 


gen 
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are then connected with the pint jar which is used as the respiration chamber and in 
which is placed the plant material or the animal which is used in the experiment. 
This jar is also closely stoppered and connected with a third bottle of limewater. 
This series of three limewater bottles and a respiration chamber is next con- 
nected with a large carboy, or airtight can, which is filled with water and equipped 
with a siphon tube so that it can be drained. 


2 ji 3 4 i 
i * i 
Respiration Aspirator 
chomber 
Bucket ----- 


Fro. 19.4 Apparatus for demonstrating respiration in germinating seeds, flower buds, 


1 : 
aves, roots, and animals. 


The method of operation is rather obvious. The living material is placed in the 
respiration chamber, and the stoppers and connections arc all made airtight. If 
allowed to stand a while, there will be an accumulation of carbon dioxide in the 
respiration chamber. When ready to present to the class, the siphon is started by 
Opening the pinchcock. If there is no water in the siphon, it will be necessary to 
suck on the end of the siphon tube to start. As the water flows out of the aspirator 
(large siphon bottle, or can), it produces a partial vacuum which causes a reduced 
Pressure on the third limewater bottle. This in turn allows air to be forced from 
the respiration chamber through the limewater. 1f this air contains carbon dioxide, 
it will cause the limewater to become milky because of the formation of carbonate 
9f lime, The withdrawal of air from the respiration chamber will allow air to flow 
Into it from the other two limewater bottles and into these bottles from the free 
air of the room. The reason for using two limewater bottles at the intake end is to 
remove all carbon dioxide from the incoming air. Therefore the carbon dioxide in 
the air entering the third limewater bottle must have come from the organism 
Within the respiration chamber. This should not be explained to the class as it 
makes a nice problem for them to figure out. When the siphon can or aspirator 
has emptied, it may be started over again by refilling the can with water. 

_ If a water-faucet suction pump is available (Fig. 13.3) JE nay, be attached 
Instead of the aspirator (siphon can). If the air-pressure line is available, it may 
be attached to the intake end of the apparatus and the siphon omitted. Before 


Operating the setup, be sure that all connecting tubes are arranged as shown in the 
diagram as regards the long and short ends of these tubes, or it will not work and 


imewater may be forced over into the respiration chamber. > 
The above experiment may be simplified satisfactorily for small plants. Ger- 
minate some oat, wheat, or corn grains in a wide-mouthed bottle. When the 


Seedlings are growing rapidly, stopper the bottle and set it in the dark for 6 to 
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x : t glass 
10 hr. Replace the stopper quickly with one which han g Aitone, and pent pr 
, tubing inserted as in Fig. 19.5. SS S a^a seedlings 
' by pouring water through the funnel = 
the bottle is nearly filled. This forces gas ; 
that have accumulated around the = 
through the outlet tube into the imeri 
If carbon dioxide is present, the limewz 
soon becomes milky. 

A yeast culture also may be m 
demonstrate the release of carbon diox a 
from microscopic plants. The culture em 
be prepared by inoculating (with phe 
cial yeast) a 5 per cent glucose OP 
contained in a wide-mouthed bottle. D 
the culture to stand in a Nr jouer 

i } lace for about 24 hr. or until i i 
p Na psal as shown by the cer i 
Fr. 19.5 A simple apparatus for and cloudiness of the sugar paren VENE 
demonstrating the production of car- the culture with a stopper wh! ing did 
bon dioxide by living organisms. U-shaped bent glass tube, immers S n 
outlet end in a container with liren n 

Enough carbon dioxide is generated to be forced out into the limewate 

standing for an hour or SO. 


RELEASE OF CARBON DIOXIDE BY PLANTS AND ANIMALS 


i. prO? 
Release of Carbon Dioxide by Plants. Germinating Seeds. A simple ee in 
duced in the photosynthetic process by a union of carbon dioxide and w uation 
living cells in the presence of chlorophyll and sunlight. The chemical d Syge 
representing this process is a reversible one. The carbon, hydrogen, an i 


is 
of the glucose molecule come from the carbon dioxide and water. The energy 
stored from the sunli 


; p c bro reali own O' 
glucose molecule is useless to organisms until it is released. The breaking d 
such molecules withi, 


s ithout 

Tt can be seen from the above experiment (Germinating Seeds with and Fs rans: 
Oxygen) ‘that oxygen is required. In an experiment below, Transfer and 

formation of Energy by Plants, it is indicated 


ing seeds (wheat is very satisfactory): flower 
leaves; limewater; water. jd be 
Fill bottles 1, 2, and 4 about half full of limewater. Fill bottle 3 (which shou htly 
a 1 pint size or less) almost full of germinating seeds, Stopper the bottle aoe? 
and let it stand for an hour or two. Then carefully and quickly unstopper an¢ © ve 
nect in the series as shown in the diagram (Fig. 19.4). See that all connections 


+ ator: 
eam of water by means of the siphon from the aspita 
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The reduced pressure in the aspirator is instantly compensated by air from the 
bottle series. This soon results in a stream of air entering bottle 1 from the atmos- | 
phere. The limewater in bottles 1 and 2 removes the carbon dioxide from this air. 
By the time it enters bottle 3 it is carbon dioxide free. The carbon dioxide is con- 
verted into calcium carbonate in the limewater and appears as a white precipitate. ^ 
After air passes from bottle 3 into the limewater of bottle 4 for a minute or so, a 
White precipitate appears abundantly. This indicates that germinating seeds pro- 
duce carbon dioxide. Compare this with the results obtained when a frog is used 
Instead of seeds, as in an experiment below (Small Terrestrial Animals). 

By Other Plant Tissues. Instead of germinating seeds, opening flower buds, 
developing mushrooms, bacterial culture, mold culture, etc, may be used. Some 
fresh green leaves also will prove instructive. If green leaves are used the experi- 
ment should be run in the dark, or at least the respiration chamber containing the 
Jie should be covered with black paper or paint to prevent the entrance of 
ight. 

A Submerged Aquatic Plant. In most experiments land plants or portions of 
them are used in testing for carbon dioxide as an end product of respiration. It is 
equally simple to use a submerged aquatic plant in such demonstrations. 

Materials. Two wide-mouthed bottles (about 250 cc.) or other similar containers; 
tap water; phenolphthalein in solution (0.5 g. in 100 cc. of 50 per cent grain alcohol, 
obtainable at drugstores); enough elodea plants to fill loosely one of the bottles. 

Place about 200 cc. of tap water in each bottle. Add two or three drops of the 
Phenolphthalein solution to each bottle, or just enough to give a definite pink color 
to the water, as in an experiment below (Aquatic Animals). Place the elodea 
Plants in one bottle of treated water. Stopper both bottles and set them in a dark 
Place for 30 to 60 min. Examine both bottles after this time for the pink color. It 
May be necessary to pour off water from about the plants into a third bottle and 
examine it carefully for disappearance of the pink color. Compare it with the check 
(bottle without elodea). Some of the carbon dioxide diffusing from an organism 
into water may dissolve and form carbonic acid. Such acid causes the disappearance 


of the pink Iphthalein. In other words, the disappearance of the 
i sow conga EEP dioxide was released by the elodea 


Pink color ingi indirectly that carbon 
Plants, If a weed Jot appear when the phenolphthalein is added, the 
Water is acid, It may be made alkaline by the addition of ammonia or common 
aking soda. 
Ongreen Plant Tissues. Materials. 
or entire root system of some plant s 
mato, iris rhizome, or sweet potato 
i procedure as in foregoing experiment. 
€ pink color after about 20 min. 
, Release of Carbon Dioxide by Animals. 
piece of glass tubing is placed in the mouth 
T passes into a small amount of limewater, 
milky, This is a well-known test for carbon d 
offers an opportunity for the student to discuss the o 
Ow it appears in the exhaled air. A 3 3 
, Small Terrestrial Animals. In preceding experiments it. was shown that various 
inds of plant tissues released carbon dioxide in their activities. It may be shown 
With equal ease that the same thing occurs in animals. The same apparatus (Fig. 
19.4) is used, and the sole change is to place an animal instead of plant material 
in the respiration chamber (jar 3). For this purpose any small animal serves quite 
Well. A mouse or rat, a frog or toad, small kitten, various insects such as flies, 


beetles, or grasshoppers may be used with good results. If the animal is large in 


Same as in foregoing experiment, except that 
uch as beans, dandelion, pigweed, corn, 
(fleshy root) is used instead of elodea. 
Observe the solution for disappearance 


The Human Lungs. If a soda straw or 
and blown through so that the exhaled 
the limewater will quickly become 
ioxide in the air from the lungs but 
rigin of the carbon dioxide and 
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comparison with the size of the respiration jar, care must be taken not to leave the 
jar closed tightly very long or the animal may suffocate. This is especially true of 
warm-blooded animals. 

Aquatic Animals. It is not usually demonstrated that aquatic animals release 

‘carbon dioxide into their environment similarly to air-breathing forms, though this 
has been proved and is generally accepted as a fact at least by analogy. To enclose 
fish in a jar of water and later to test the water with limewater may give a slight 
indication but it is not very striking for class use. The tests described here furnish 
demonstrations which are readily visible and sufficiently impressive for this purpose. 

Materials, Four test tubes, or other small containers; 0.5 g. of phenolphthalein 
powder dissolved in 100 cc. of 50 per cent grain alcohol (drugstore); two small 
glass containers (large tumblers or small jars); small goldfish (about 3 in. long); 
soda straw or glass tube; a little baking soda dissolved in water and a little dilute 
acid such as hydrochloric (vinegar or lemon juice in water will do). 

If drinking water is slightly alkaline in its chemical reaction and a few drops of 
phenolphthalein solution is added to 200 cc. of clear water from the tap or well, 
the color becomes deep pink. If no red color appears, it means of course that the 
water is slightly acid and should have a little solution of baking soda added to it 
one drop at a time until it is slightly pink (slightly alkaline). If the water is deep 
pink, add weak acid one drop at a time until the color is faintly pink. Stirred 
thoroughly, it should remain pink. Divide this water into two equal quantities and 
place each in similar vessels. Now add the goldfish to one of the containers an 
keep the other container for a check. Allow these to stand before the class for 1 
to 40 min. The time that is required will depend upon the nearness of the water 
to neutrality for phenolphthalein and the relative amounts of water and fish. After 


be removed and returned to its aquarium unharmed. Other aquatic animals, n 
as crayfish, insect larvae, tadpoles, newts, and even daphnia (water fleas) will g!V 


RESPIRATION IS ACCOMPANIED BY A LOSS OF WEIGHT 


Corn Grains. When food is completely oxidized, energy is released and carbo 


dioxide and water are produced. Some of the energy may be lost from the organist 


. is 
as heat, and eventually the carbon dioxide and water are eliminated. Obviously; thi 


: e que a reduction in weight. It is common knowledge that an animal m 
e out ood for a considerable period of time shows a decided loss in weis n 
oe activity also increases the rate of weight loss. For instance, 2 foot a 

A s will p several pounds less at the end of a game than before. One of t y 

PU ADR imb pied m ig uy is by exercise. Exercise requires pi 

; the rc is brought about by oxidati irati waste P 
2E eliminated causing loss of Wei pit ton Weespitagisn)i uM 
aterials. Select two groups of corn grains, about 24 in each, of approxi 


mately 

equal weight; oven or some oth dling 
: er heat i i seed T o. 
chemical balance; quart fruit jar sig i le re << 5 


satisfactory). ; lightproof box (an ordinary shipping carton 
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Place one group of corn grains in an oven at about 100°C. and dry for 3 or 4 hr. 
At the end of this time carefully weigh the group immediately and record the 
as In the meantime soak the undried group in water overnight and then place 
them between moist pieces of paper in a moist chamber. A quart fruit jar will serve 
5 a moist chamber. Perforate the lid with a nail to allow for exchange of gases. 

lace the moist chamber containing the grains in a warm (65 to 80°F.) lightproof 
box. The grains will germinate soon. Allow them to remain in the dark box for 
2 weeks, At the end of this time carefully remove all parts of the seedlings and 
dry them in an oven at about 100°C. for 3 or 4 hr. At the end of the drying 
Reriod carefully weigh the scedlings. Compare this weight with the weight of 
te first group of corn grains. If the experiment has been carried out carefully, 

e difference in weight is due to loss caused by respiration of the corn seed- 


lings. 


TRANSFER AND TRANSFORMATION OF ENERGY 


ds contain stored food. Before the embryo can 


d Germinating Seeds. All viable see 
evelop further, energy must be released from the stored food supply. When the 


stored foods are digested and oxidized, energy is a product of the reaction. Some 
of this energy escapes in the form of heat and can be measured. The heating of 
freshly threshed grains or of poorly cured hay when piled in great heaps is a 
Practical application of this phenomenon. The heating of poorly cured hay is due 
P only to the seeds and other living tissues present but largely to the many 

acteria and fungi which grow vigorously under these conditions. It is thought that 
under certain conditions this heat may accumulate to such an extent that the 
combustion point is reached and a fire is the final result. This is commonly known 
as “spontaneous combustion.” 

Materials. Two ordinary thermos (vacuum) bottles of pint or quart size; cotton; 
two thermometers; germinating wheat grains (corn, oats, beans, mustard seeds, or 
any others which germinate readily may be used); bichloride of mercury solution, 1 
part bichloride to 1,000 parts water; 50 cc. of 10 per cent formalin. 

Measure out two equal quantities of the seeds (about 100 cc.). Moisten each 
quantity with the bichloride of mercury. Spread the seeds out immediately on 


Sheets of paper and allow the seed surfaces to dry. Rinse the dry treated seeds in 
tment, will kill most of the bacteria and molds. If 


i t absolutely essential, although results 
lace in separate containers, moisten the seeds 


h of the thermos bottles. Pour the formalin 
thermometer, suspending it in the 
alin will kill the seeds. Moisten the 
bottle mouth with cotton through 


Re place equal quantities in cach. 
b ion over the sceds in one bottle, insert a 
PCR mouth with a tight cotton plug. The form 
whi S in the other bottle with water, plug the 

ich insert the bulb of a similar thermometer. Record the temperature of the 
two thermos bottles immediately and also after a period of several hours and days, 
and compare results. The living germinating seeds usually produce a temperature 
which is several degrees higher than the dead seeds. 

If the thermos bottles and thermometers are not at hand, a simpler set of appa- 
ratus will produce essentially the same results; however, the exact temperatures can- 
not be recorded. Obtain two wide-mouthed containers which can be tightly closed 
Such as tin coffee cans with tight-fitting lids. Fill each can about three-fourths full 
of wheat grains which are starting to germinate, Treat one with 10 per cent 
formalin as above. Moisten the other can of wheat with water. Place a lid on each 
and allow to stand in a warm place (65 to 80°F.) overnight or for a day or so. At 
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i in 
the end of this time, test the temperature by inserting the hands into the gra 
M Oxidation of a Carbohydrate or Fat. The ratio of the volume of duin es 
released to the volume of oxygen used is known as the al same e Me 
carbohydrates are being oxidized, the volume of oxygen caupo tm : nr Bub 
the volume of carbon dioxide released, making the ratio 1. cepe dur 
oxidized, the ratio is less than 1 since the volume of oxygen T i g sae eha 
volume of carbon dioxide released. The difference is due M. e - eae 
less oxygen in proportion to the other atoms of the molecu a t E im tud 
hydrates. The unsaturated condition is satisfied before actual deco p 
Proteins are oxidized to a less extent than carbohydrates and fats. — IA 

Materials. Some starchy sced or grain such as wheat and a iens d —— 
soybean; bichloride of mercury solution (1 mm : p a bs stoppers pee 
Pieces of glass tubing. bent s Te 
shape as shown in the diagram, Fig. 

0 cc. of mercury; cotton. E 
: Select 2 or 3 dax wheat grains and m 
same number of soybeans. Sterilize in 
grain and seed surfaces by gr 
the bichloride of mercury solution. me 
the coats to slightly dry and epic 
sterile water. Soak the grains and € 
in water overnight and keep in * posti 
moist chamber for two days. AM 
may be used for this. Germinatio’ Mer 
have started by this time. Place A nt 
i of sterile moistened cotton on Eo «s 
Mercury of the two bottles. In e Poybeans. 
Senfus] Wheat and in the other EL stopper 
seeds Mount the glass tubing in the ide Remis 
Place some mercury in the outsi s with 
3 (see Fig. 19.6). Place the stoppers «i. 
Fic. 19.6 Apparatus for demonstrating glass tubing in the bottles. Be ae u 
the respiratory ratio. they are sealed airtight. Allow hat the 
stand 24 hr. and observe. Note t 


i en cone 
used, since the volume of oxy£! the 


ermos bottles, rubber stopper or d 
ceding experiment, place a live frog in one bott ihe 

in temperature between ted f0 
ies, beetles, or honeybees may be substitu 

the frog, using rather large numbers, 


FERMENTATION 
Formation of Alcohol and Aceti 
tance in the baking and alcohol ^ hol, 
dioxide is used in making bread dough porous, The other product, grain alco 
of great importance as an in i 


> A : impor 
€ Acid. Alcoholic fermentation is of vast bo! 
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beverage. The process also occurs in some fruits and vegetables under certain con- 
ditions, causing spoilage. Acetic acid fermentation is also of great economic impor- 
tance in the manufacture of vinegar and acetic acid. 

Materials. A cake of dry or fresh bakers’ yeast; 5 per cent sugar solution; two 
bottles (50 to 100 cc.); one stopper; short piece of glass tubing; piece of rubber 
tubing to fit the glass tube; limewater. 

Place some of the yeast in a bottle three-fourths full of the sugar solution. Stopper 
and set in a warm place overnight. Note the bubbles rising from the solution. 
Insert the glass tube through the cork into the atmosphere above the yeast-sugar 
solution. To the outside end of the glass tube attach the rubber tubing and dip the 
other end in a bottle of limewater. After a few gas bubbles pass through the lime- 
Water, note what happens. The gas is identified readily as being carbon dioxide. 
Remove the stopper and glass tube and note the odor of the yeast-sugar mixture. 

Ou may be able to detect an alcoholic odor. Set the open bottle away for a week or 

0 days and again test the odor. You may then detect the odor of vinegar due to 
the presence of acetic acid. Apple cider contains sugar and wild yeast. If it is kept 
in a warm situation for a few days fermentation proceeds rapidly. This takes place 
even when sealed and in the absence of air, indicating that free oxygen is not neces- 
Sary in this process. However, oxygen is necessary and is obtained from the sugar 
When it is digested by the yeast enzyme. This type of respiration is known as intra- 
molecular respiration. The completely fermented cider is called “hard” cider. It 
contains alcohol, If this solution is left exposed to air for a few weeks, vinegar 
results, The alcohol is changed to acetic acid (the sour principle of vinegar). 
Acetic acid-forming bacteria are responsible for this change. Enzymes produced 

Y the bacteria act upon the alcohol. Free oxygen is necessary in this process. Experi- 


ments may be set up to demonstrate these points if desired. If this is done, be sure 


to start with cider which has not been heated or treated with a preservative such as 
enzoate of soda. Five or six weeks will be required before pure vinegar is produced. 


THE MECHANICS OF BREATHING IN MAN 


The relation of the ribs and muscles to the capacity of the chest cavity may be 
Cmonstrated by a simple framework with movable joints, such as is shown in 
ig. 19.7, 4 and B. The relation of the diaphragm to the chest capacity and to the 


pee SSS Rubber 


nea 
--diaphragm 


J Z 5) 
M "2 joint r 


Fio, 19.7 Devices for demonstrating the mechanics of breathing. 


inflation of the lungs is well illustrated by such an apparatus as that shown in 
18. 19.7C. The string may be attached to the rubber diaphragm by cementing a 
Piece of rubber to the outside of the diaphragm with tire patch cement. 
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CHAPTER 20 


-4 Water Relations of Plants *- 


r from plant surfaces (transpiration) is 
he life of plants and their distribution. 
d of about 80 per cent water. One 
f photosynthesis is water. Minerals 


The rate of evaporation of wate 
a factor of utmost importance to t 
Plant tissues, on an average, are compose! 
of the raw materials used in the process o 
necessary in protein synthesis must be in an aqueous solution. Sufficient 
water enables soft plant tissues to remain turgid and to function normally. 
Only a very small amount of the water absorbed is used in these latter 
Processes. Most of it is lost by evaporation, and some in liquid form by 
§utation, The rate of transpiration varies greatly with change in the environ- 
ment. Conditions which change the rate of evaporation also change. the rate 
of transpiration. Certain desert areas may be made to yield large agricultural 
Crops by irrigation, while parallel, unwatered areas yield nothing but desert 
Plants. Other arid regions may be worthless even though irrigated because of 

igh salt concentration in the soil. The high concentration of salts prevents 
the entrance of sufficient water in most plants even though the root systems 
may be submerged in it. Absorption of water must at least equal the loss; 
Otherwise wilting occurs. If a deficiency continues long enough, death by 
desiccation will result. Absorption and loss of water may be demonstrated 


easily by several comparatively simple experiments. 


Water-vapor Loss and the Process by Which It Occurs. Transpiration from plants 
can be demonstrated readily by the following experiment. The water is lost in the 
form of vapor which is not visible unless conderised on a cold surface. Transpiration 
E fundamentally an evaporation process under modified conditions in plant tissues. 

Materials. Three bell jars (gallon pickle jars or battery jars may be used); a 


Potted plant small enough to be covered by the bell jar; paraffin or other water- 
d soil surface; three glass plates (window 


]l jars to glass plates; wet cloth 


Waterproof the outside of the flower pot with melted paraffin. Also cover the 

ich is j bout ready to congeal. Be 
the plant. Set the plant, in the waterproofed 
ith a bell jar. Seal the jar to the plate with petro- 
leum jelly. Under a second bell jar place the wet cloth, sponge, or an open con- 
late. A third bell jar with nothing in it but ordi- 
1 three bell jars in a moderately light, warm 
h. Condensed water vapor will be found on 
d soil were sealed, the water vapor had 
ill also be found on the jar cover- 


gation. After a few hours examine eac: 

3 e€ jar containing the plant. Since the pot an 

9 come from the plant. Condensed water vapor w 
357 
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ing the wet sponge, cloth, or container with water. The third, under ordinary condi- 
tions, will show no condensed water. 

Water-holding Capacity of Leaves. Plants vary greatly in their water-retaining 
capacity. The presence of water-holding substances (colloids) and cutin in varying 
amounts is probably important in this variation. The distribution of a given species 
in nature may be determined by the amount of these materials present. 

Materials. Leaves of several species of plants characteristic of a wide range of 
habitats such as elodea, eel grass, coleus, tomato, bean, rubber plant, wandering 
Jew, sedum, geranium, pine, etc.; piece of wallboard or other surface large enough 
to hold the leaves; pins or thumbtacks to fasten the leaves to the wallboard; watch 
or clock for recording wilting time. 

Mount the leaves on the wallboard so they are 4 to 5 in. apart. Set the board so 
that all the leaves will be exposed to the same conditions. Keep a record of the 
time of wilting wherever possible, Also record the time for complete drying. This 
latter observation may require a period of several weeks. 

. How Water Rises in Stems. The problem of sap ascent in tall trees and vines has 
interested plant physiologists for a long time. The physical principles involved may 
be demonstrated by the following experiment and its modifications. : 

Materials. About 50 cc. of clean mercury; piece of glass tubing about 32 in. n 
length and about 5 mm. in diameter; a porous porcelain cup or cylinder (sold often 
as atmometer cups and obtainable from apparatus supply companies) ; rubber 
stopper to fit the cup, and perforated to fit the glass tubing; source of heat sufficient 
to boil water. , 

n the cup and 300 cc. of distilled water. The boiling is to drive off all am 

ubbles, Assemble the apparatus as shown in Fig. 20.1, and fill the system with the 
cooled boiled water. If hot water is poured into the system, bubbles result. A 
bubbles must not be allowed to enter. Invert the apparatus ux 
} a cup of mercury, holding water in the system with a finger: 
| ---Porous cup Support the apparatus in an upright position in some p 
1 venient way. Allow the apparatus to stand and note the T 
-H--- Water of mercury in the tube. The rise may be speeded up vid 
directing a breeze from an electric fan on the clay cup- en 
an efficient apparatus atmospheric pressure will cause e 
mercury to rise 76 cm. or less, depending upon the alite 

It is possible to get a column of mercury higher t 
cm. In a modified and more carefully prepared app 
It has been recorded as high as 226.6 cm., or 150 
higher than can be explained by air pressure. In tern ise 
water this would account for a rise of over 102 ft. This T 
Ec" ess Tube above 76 cm. may be explained by the fact that water EU 
mercury are under tension after the column passes the qne 
to which atmospheric pressure would force it. Water ise 
Breat tensile strength, Ordinarily, to get the mercury ie "d 
above 76 cm. it is necessary to modify the above appa an 
Complete details for carrying out the experiment are gy 
by Meyer, Anderson and Swanson (see Ref. 7, Experim^ 
57, pages 54 to 56). of 
"iur peut experiment demonstrated that a COT sy 

nd mercury ma i yst 
Fra.2011 Apparatus tem. No living cells ant = ae ispum ciples maY 
S demdnsttutitig the be demonstrated by incorporating living tissue in the B 
Hu na i. n To do this use a branch of arborvitae or pine ET is 
of the porous clay cup. The remainder of the app?! 


han 
aratus: 
.6 cm. 
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the same. Often the column of mercury cannot be raised to such a point as with the 
porous cup because of greater difficulty with air bubbles. A part of this difficulty may 
be removed by submerging the cut end of the branch, cutting off an inch or so under 
water, and attaching to the stopper and water-filled tube while submerged. This 
Prevents air from clogging the tissues near the cut end of the branch. 

A Simple Potometer for Measuring Transpiration. This potometer makes pos- 
sible an easy method for measuring transpiration quantitatively under laboratory 
conditions. The effects of different environmental conditions upon.water-vapor loss 
may be demonstrated readily by the same apparatus. i 

Materials. Two pieces of glass tubing, one 15-in. length and one 3-in. length, each 
With a bore of 2 mm. in diameter; T tube of about the same diameter; about 7 in. 
of rubber tubing which will fit tightly over the glass tubes; small funnel; pinchcock; 
metric ruler 30 cm. in length; two ring stands with clamps or other devices for 
Supporting apparatus; gas or alcohol flame for bending glass tubing; cup or other 
Container for water; living arborvitae or pine stem about 12 in. in length with leaves 
intact and freshly removed from a living tree. 


Funnel - 


Air bubble PE eine 


BAG ULL Em ELE 


--Glass tube 
-Water 


Fic. 20.2 A simple potometer for measuring transpiration rates. 


right angles, making a 3-in. arm. Bend 


Bend the longer piece of glass tubing at à 
ter. Connect the two pieces by means of 


* smaller piece at right angles at the cen 
* T tube and pieces k rubber tubing (see Fig. 20.2). To the open end of the T tube 


fasten a short piece of rubber tubing which is closed by a pinchcock and then insert 
the funnel, Attach these connected tubes to the ruler with wire, string, or 
Staples, as shown in Fig. 20.2. When procuring the branch, see that the cut end is 
Submerged in water immediately after removal from the tree. Place the whole 
aPparatus under water, including the stem, and release the pinchcock. While it is 
Submerged, cut off about 2 in. from the cut end of the stem to remove any air 
Plugs, and fasten the cut end of the branch to the glass-tube system by rubber tubing. 
ĉe that no air remains in the tubing, especially about the cut end of the stem. Close 
the pinchcock. Remove the apparatus from the water, keeping the open end of the 
tube closed with a finger. Support the apparatus on the ring stand and submerge 

* open end of the tube in a container of water. Before this submergence, however, 
allow a bubble to enter. Fill the funnel with water. By opening the pinchcock 
Slightly the bubble hish is to act as a gage may be located at any desired point 
9n the ruler. When it is located, close the pinchcock. As water vapor is lost 
Tom the leaves the bubble will move toward the stem, since water will be absorbed 
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by the exposed stem tissues. Keep a record of the time taken for the eee a 
move 2 cm. When this movement has occurred, it is obvious that a column of wa i 
2 cm. long and 2 mm. in diameter has been absorbed by the stem. By a a 
calculation the volume can be obtained, this volume representing the PT. 
water lost from the leaves in the time required by the bubble to move 2 em. d 
rate of movement may be altered by placing the apparatus in shade, us i 
light, strong air currents, etc. The "gage" bubble may be reset when teen 
allowing water to enter from the funnel. As soon as the bubble reaches the 

oint, the pinchcock must be closed. t 
1 Measuring Water-vapor Loss by the Cobalt Chloride Paper Method. The coba 
chloride paper method of measuring water-vapor loss is particularly suita - edi 
field as well as laboratory measurements since a minimum of apparatus is yes he 
It is also valuable because leaves and stems do not have to be removed an The 
plant does not have to be grown in a pot or under other abnormal coniun d 
cobalt chloride paper is hygrometric and changes from a blue color when TM 
pink when moist. The rate of color change indicates the relative rate of W? 
vapor loss. T 

Materials. Three grams of cobalt chloride c.p.; a few sheets of high-grade a 
paper (Whatman no. 1 is satisfactory); transparent celluloid; box of gumme' Den- 
book reinforcements; box of small clamps bero 
nison Card Holder, no. 42, is satisfactory); ge- 
of anhydrous calcium chloride; six 100-cc- ers 
mouthed bottles fitted with ground-glass stoPP 


tton; 
or paraffined corks; small roll of absorbent v disks 


Cobalt leather punch or cork borer which will cut 


Notebook chloride %2 in. in diameter; pair of forceps. 
\ reinforcement 
1 


eous 
paper Prepare 50 to 100 cc. of a 3 per cent aq" 


solution of cobalt chloride. Wet a disk © 
filler paper in this solution. Remove n blot- 
liquid by pressing the treated paper betwee 
ters or filter paper. Place in a low-temP 
oven (about 40°C.) or some other up ly 
EIS. 20.3 Construction of co- for further drying. When paper is thorough unc 
balt chloride hygrometric Paper cut out as many disks as needed with FE 1⁄2 
clips for measuring water vapor or cork borer. Cut out strips of celluloid 9| e 
loss from leaves. in. Cut small notches on each side of the strip 
each end as shown in Fig. 20.3. 
reinforcements and fasten them tonead it 
he celluloid. Turn the strip over (side ye c 
h forceps lay a disk of the cobalt chloride paper on t o 
Perforation of one of the reinforcements, Moisten 4M? ige 


ori! 
€ outer edge, carefully lay it on top of the cobalt ticularly 


strip 
the procedure for the other end of the strip. Fo T cobalt 
i uch a way that the expose ed sur 
chloride paper surfaces may be clamped together and the celluloid-cove™ palt 
faces are on the outside. Fj 


\ 


D 
Celluloid strip 


Moisten two gummed notebook 
that the perforation is covered by t 
forcements down). Wit 
loid directly over the 
reinforcement about th 


ellu- 


paper must be desiccated. This is d 
wide-mouthed bottles, ind 
it with a layer of cot 
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tightly. After 3 to 4 hr. the paper will be desiccated and appear blue. With forceps 
remove a clip quickly and clamp it to the leaf to be tested. Watch for the blue 
color to change to a light pink. The color change is due to absorption of water. 
Record the time for the color change. Compare the time for both the upper and 
lower surfaces. Tf there are no stomata on the upper surface the pink color may not 
appear for 30 min. or longer, depending on the temperature, while the lower surface 
with widely opened stomata may cause the color to change within 30 sec. This 
enables one to compare stomatal and cuticular water-vapor loss under the same 
conditions on a single leaf. Water-vapor loss from very young, mature, and old leaves 
may be compared in the same way, also different species of plants growing side 
by side. 

1 It is possible to convert the above qualitative method in such a way that quantita- 
tive results can be obtained. This requires standardization of the paper. An analyt- 
ical balance is necessary in this procedure. Also quite a little time is required. 
Meyer and Anderson (Ref. 6) give this procedure in detail. 

The Benzene-infiltration Method of Studying Stomatal Movements. In general 
stomata close in darkness and open in light. In most species they reach their 
Maximum opening during the carly morning daylight period. Gradual closure 
starts soon after the maximum is reached, but complete closure usually does not 
Occur until nightfall. Some species may have a few stomata open at night. Very 
young leaves usually have few if any open stomata at any time of day. The 
benzene-infiltration method offers a simple and easy way of demonstrating these 
Movements in relation to light, periodicity, comparison of young and mature 
leaves, etc. 

Materials. About 25 cc. of benzene; 
plants for testing. 

ake preliminary tests on a well-watered p 
for several hours. Lightly brush on some benzene and look for a translucent or 
Water-soaked appearance. This translucence is due to penetration of tissues by the 

enzene through the stomata. If this occurs rapidly the stomata are wide open; if 
slowly and in patches, the stomata are partly closed. The translucence will appear 
Within a few seconds after the application. If the stomata are found open, place the 
Plant in a dark box. At intervals of 15 to 20 min., test other leaves on the plant and 
determine the time required for closure in darkness. Young and mature leaves may 
© tested and compared simultaneously. Tomato and monocotyledonous plants 
Usually are not very satisfactory for this comparison. Periodicity studies are best 


carried on under field conditions. a 
echanism of Stomatal Movement. Increase of turgidity of guard cells causes 
Stomata to open. Light plays an important part in this reaction since it decreases 
` the acidity to such a point that an enzyme is activated, which in turn converts starch 
9f the guard cells to sugar. The presence of this sugar causes an increase in turgor 
and results in opening of the stomata. Acidity increases at night. Sugar in the guard 


Cells is condehsed to starch which results in lowering of the osmotic pressure, allow- 


ing the guard cells to close the stomata. It is a comparatively easy matter to apply 
a sugar solution to guard cells surrounding opened stomata which will reduce their 
turgor and result in closure of the stomata. s el 1 
Materials. About 25 cc. of a 35 per cent sucrose (cane sugar) solution; wandering 
€w (Zebrina pendula) plant, Boston fern, plantain (Plantago, major), or other 
Plant showing large stomata and from which the epidermis is easily removed; 
slides; cover glasses; forceps; microscope. 
Strip off two pieces of lower epidermis an 
Mate r. Observe the stomata to sce if they are 
Until opened stomata are found. Add about two drops of 


small camel’s-hair brush; some living potted 


Jant which has been exposed to light 


d mount on separate slides in a drop of 
widely opened. If not, make mounts 
the sugar solution to the 
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edge of the cover glass of one of the mounts. Draw it under by applying a piece of 
filter paper or a blotter to the opposite edge. Observe by means of a microscope and 
note closing of the stomata. Compare with the tissue still in water. The treated 
piece may be remounted in water, placed in bright light, and the stomata will 
eventually open if the tissue was not left in the sugar solution too long. 

Restoration of Turgidity to Wilted Leaves. Many plants may wilt for a short 
time without apparent injury. The turgidity is regained as soon as therc is an avail- 
able water supply if the wilted condition has not continued too long. If cut wilted 
stems are treated properly, the regain in turgidity may be so rapid that movements 
of the leaves may be detected by the eye. The rate of regain is determined largely 
by the treatment after wilting has occurred. 

Materials. Pigweed (Amaranthus retroflexus) or tomato are very favorable plants. 
Cut three similar leafy branches and allow them to wilt; three containers with waters 
sharp razor blade. 

Place one of the wilted plants in a container with water. With the razor blade 
cut 1 in. or so from the stem base of a second plant and immediately place the base 0 
this branch in water. Submerge the cut end of the third plant in water and cut 9 
about 2 in. from the base while under water. Observe the plants closely. The plant 
which was cut while the stem base was submerged usually regains its turgidity 5° 
rapidly that leaf movements may be seen. The one with part of the base removed in 


air and placed in water regains its turgor next, while the third requires a MUC 
longer period. 


TISSUES INVOLVED IN MOVEMENT OF WATER THROUGH STEMS 


In vascular plants xylem is the most important water-conducting tissue. This fact 

may be demonstrated easily by the following experiments. - 
_ Path and Rate of Water Conduction in Stems as Shown by Dyes. Aqueous d 
tions of dyes, which are absorbed by cell walls, are useful in demonstrating t 
tissues involved in water conduction, since these tissues are stained by the dye- 
aop conduction may be studied at the same time. t 
H makes ed sunflower plants which are about 10 to 12 in. in height (ani 
iene if the sunflower is not available, coleus or sultana (Impatiens st i a 
Dini ver dei eh plant with a fairly transparent stem may be used; SECs the 
ae asic fuchsin solution made up in 95 per cent grain alcohol; dile. n 
uchsin by adding 1 part of the dye to 100 parts of tap water. Allow the son ed 
5 stand overnight and filter. If this dye is not available, a 1 per cent methylen 

ue aqueous solution or 1 per cent eosin solution in water may be used. e n 
green food-coloring dyes, obtainable at a food market, may be used if other av" 
are not available. If a chemical balance is,not available for weighing the dyes: E 
results have been obtained by roughly estimating the quantity of dye on the tip ° 


a penknife blade; wide- i y 
POE ife blade; wide-mouthed container for the dye; sharp razor e 
Remove the plant from th d 


cutting the lower part off while the 


sic fuchsin gives excellent results. However, We 
successfully. If the stems available are t00 MT. 4 
mitted light, the tissues may be cut into 
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knife and the colored path exposed. Even willow branches without leaves may be 
used in this way. When no leaves are present, the ascent of the dye is much slower. 

Path of Water Conduction as Shown by Sealing the Tissues. Materials. Two 
Woody stems with approximately the same number of leaves and about 1⁄4 in. in 
diameter (willow cuttings which have stood in water or moist sand long enough to 
develop a leaf system are satisfactory); two wide-mouthed bottles with 100 to 200 cc. 
capacity; paraffin; cotton for plugging the bottles; sharp knife or razor blade; 
graduated cylinder. 

Remove all tissue external to the xylem for a distance of about 1 in. on each 
stem. Care should be taken that the xylem is not injured. Melt some paraffin and 
while plastic but not hot, seal one of the stems so that both xylem and phloem are 
scaled (see Fig. 20.4). Then with a sharp knife cut off, while submerged in water, 
Ye in. of the xylem from the base. This exposes the xylem tissue to water but not 
the phloem. The remaining stem should have the xylem completely sealed and 
the phloem exposed as shown in Fig. 20.4. Measure out equal volumes of water in * 
€ach bottle; insert one of the stems in each. Plug the mouth of each bottle with 
Cotton about the stems, and seal with plastic paraffin to prevent evaporation. Mark 


Exposed .. 
xylem 


Fic. 20.5 Apparatus for demonstrating 
mass movement of water into water- 
conducting vessels of xylem. 


Fic, 


th 20.4 Apparatus for demonstrating 


e e PE 
Path of water conduction in stems. 


where the transpiration 
f water in each bottle and watch for wilting of 


only the phloem exposed, the volume of water should not decrease and the leaves 
] to an appreciable extent in the phloem 


ducting Vessels. Ordinarily, the tran- 
on. In the water-conducting vessels this 


nob ve by mass movement and not by 
cond s direct observation of this mass movement as we 
Ucted through stems in elements of the xylem. ae 
aterials, A bean, sunflower, or other convenient plant which has several living 
Caves intact; shallow dish such as a Syracuse watch glass; compound microscope 
à low-power (40-mm.) objective lens i medium-power—16-mm.—lens may 
ised if the lower power is not available); India ink; sharp razor blade. 
i ill the watch glass about three-quarters full of water and place three to four 
9Ps of India ink in it. Set this over opening on the microscope stage. Cut the plant 
near the base. Submerge the stem in water and cut off about a 2 in. piece from 


i the base in such a way that an oblique angle of about 15 to 30° is formed. 
Tansfer the upper section of the stem with the leaves intact to the watch glass and 
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submerge the cut portion in the diluted India ink. Support the stem in some con- 
venient way and focus on the water-conducting vessels (spiral, annular, or scalariform 
tracheae). Watch for currents of water entering these vessels carrying particles of 
carbon. Eventually the vessels are plugged with the carbon and appear as black 
streaks, Sometimes these streaks can be detected by the unaided eye. Figure 20.5 
illustrates how this experiment may be assembled. 

Length of Water-conducting Vessels in Stems. The length of open water-con- 
ducting vessels varies with different species of woody plants and also with position 
in the plant. In the main stem they are usually longer than in branches. In the 
main axis they become shorter as the tip is approached. í 

Materials, Stems of some woody species such as elm or grape: these pieces 
should be at least 3 ft. in length for the elm and from 10 to 20 ft. for the grape 
short piece of rubber tubing; glass funnel; 200 to 500 cc. of mercury. 

With a sharp knife cut off an inch length from one end of the stem to expe 
fresh tissues, Attach the funnel by means of the rubber tubing. In some conveniens 
way, support the stem with the funnel uppermost in as nearly a vertical position p 
is practical, according to the length of the stem. Pour the mercury into the funga 
Set a glass container under the lower end of the stem. Cut a short segment from à T 
lower end of the stem to expose fresh tissues. If no mercury globules appear à Em 
standing a few minutes, continue to remove segments about 1 in. in length us 
very small mercury globules appear. If only a few ends of open vessels are expose H 
the mercury can be seen coming from the individual tracheae. By this means on 


y e 
can determine rather closely the length of open water-conducting vessels for E 
particular stem used. 


GUTTATION AND ROOT PRESSURE 


Natural Guttation. Drops of water are often exuded from plants when the sol 
about their roots is moist and the surrounding atmosphere is very humid. Much ° 
the so-called dew on plants early in the morning is gutated water. 3); 

Materials. Bell jar (gallon pickle jar may be used), or a glass case (Fig. 12.33): 
five or six seedlings of oats, wheat, corn, or young fern sporophytes which are Toot’ 
in a small pot of soil. j 

Thoroughly water the soil about the young plants. Cover them with the bell ja) 
or enclose them in the glass case. Allow these to stand overnight or for aput 
hours, Look for drops of water along the leaf edges and at the tip. If the glass ani 
is used, see that there is a layer of moist sand, soil, or peat on the bottom. This w 
keep a humid atmosphere about the plant, PU £ 
. Redtop (Agrostis alba) seed, obtainable at seed stores, sown on a water an 
ina tumbler or other glass container and kept in a a room will develop ™ is 
seedlings 1 in. or more in length within a week. If the mouth of the tumbler n 
pate for a few hours or overnight, droplets of guttated water will be found ° 
the plants. This is a very simple and easy way of demonstrating guttation. es 
, Forced Guttation. Materials. A tomato stem 8 to 12 in. in length with lea" 
ee Puppe from a city water supply; gum tube of such size as to fit h- 
a b ee eam branch and of convenient length for reaching and à 

Prepare watertight connections between the tomato stem and the faucet bY me 
of the hose. Turn the water on slowly and gradually increase the pressure- m 
a few minutes water droplets are likely to appear EA edges of the tomato Jeafle 
This result represents gutation brought about by artificial ressure. The 

Root Pressure. Active absorption results in the Stalled root pressure: spis 
exudation of water from cut stems of woody plants in the spring is a resu ro 
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pressure. It is particularly noticeable when grape vines are cut during this period. 
When pigweeds (Amaranthus) arc cut off at the soil level, a wet spot of soil often 
appears surrounding the cut portion. This is caused by water exuding from the 
Cut tissues, 

Materials. A potted, vigorously 
or pigweed; piece of glass tubing 

With a sharp knife cut the top from 
stem remains above the soil. Connect the glass t 
of the gum tube. The connections must be ma 
not to injure the stem. It may be necessary to use grafting wax or some other sealing 
compound in making this connection. Support the glass tubing in an upright position 
In some convenient way. Add water to the glass tube until the water level is just 
Visible above the connection with the gum tube. Saturate the soil about the roots. 
Place the setup in some convenient location and observe for a rise of the water 
column in the glass tube. Observations should be made at intervals over a period 


of 2 to 3 days. 


growing plant of dahlia, Bryophyllum, tomato, 
about | ft. in length; short piece of gum tube. 
the plant selected so that about 4 cm. of the 
ube to cut end of the stem by means 
de watertight, Care must be taken 


ABSORPTION OF WATER BY ROOTS 


n the Rate of Absorption. It is common knowl- 
ilizer applied too heavily becomes 
asionally used to destroy weeds, 
f barberry eradication. In some 
f various salts that these 


Effect of Salt Concentration upo 
*dge that high salt concentrations kill plants. Fert 
Sal ide Ordinary salt (sodium chloride) is occ 

id is regularly used in the government program o 
arid regions the soils contain such high concentrations o 


lands are useless for irrigation purposes. 
Materials, Calcium chloride, 35 g-3 distilled water, 2,000 cc. (tap water may be 


used if the distilled water is not available); seven wide-mouthed bottles of 100 to 
€c. capacity; cotton for plugging bottles; seven sunflower or tomato seedlings of 

as nearly equal $ lopment as possible. 

dig imber dreon , h as 0.5, 1, 2, 3, 4, and 5 per 


repare a series of calcium chloride solutions such : ] 
Sent. Place these in separate bottles and label accordingly. Fill the seventh bottle 


with distilled water. Carefully wash adhering soil from about the roots of the 
Seedlings. Place a seedling in each bottle, plugging the bottle mouth about the 
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CHAPTER 21 
- The Behavior of Organisms *- 


pus of the fundamental characteristics of all living things is the quality 
9! irritability, or the capacity to respond to environmental change. These 
responses amount to the reactions, or behavior, noted in most animals but 
are also definitely shown in plants even when they are nonmotile. The 


phenomena of growth and development also are influenced by the forces of 


the environment. A great variety of experiments and demonstrations, espe- 


cially of motile animals, is available for use and furnishes an extremely 
ascinating part of the study in the bioiogical subjects. Those listed below 
should suggest many others to teachers and students. They form a good 
introduction to and illustrations for the study of the nervous system, be- 
avior, ecology, psychology, heredity, and evolution. 


It must be kept in mind that in these studies teleology is most certain to 
Creep in and should always be guarded against. The practice of explaining 
ehavior in terms of man's own reactions and mental states is contrary to 


Clear thinking and not conducive to the production of a scientific attitude. 

Or example, it is quite as wrong to say that a geranium grows toward a 
Window “in order to get more light” as it would be to say that a moth flies 
into a flame “in order to singe its wings.” Both are positive responses to light 
Which in one case may be beneficial, in the other detrimental. If the real 
explanation is not clear or is too difficult for the student to understand, it 
should be recorded as observed fact and left at that for the time being. It is 
Eenerally better teaching to use such demonstrations as the following in the 
orm of problems to be solved by the class instead of illustrations of fact 


already lēarñed. 


THE BEHAVIOR OF ANIMALS 


Nn following experiments show rather simple x ie id e aia, 
actions and teacher. How they can 
3 can be done by students or teac j 
a Particular course will AH to be decided by the teacher, but, wherever poring 
1 is suggested that they be used as problems for discussion rather than as illus- 
ations. 


Protozoa 


tozoans to obtain and keep alive at all 


ti Paramecium. This is one of the easiest pro 
mes of year, 
glas; aterials, A culture of paramecium (pure if poss 
S tube; a few microscope slides; small amount o 
367 


ible); medicine dropper or small 
f paraffin (or beeswax); 6 in. of 
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glass tubing; dry cell (1% volts); pieces of copper wire for battery leads; two test 
tubes or vials; corks; watch glass. 

Response to Light. Place enough culture of paramecium in a small test tube or 
vial to nearly fill it. Cork tightly and place in a horizontal position. Cover one-half 
of the tube with dark paper or cloth or by inserting it into a paper tube. This must 
be opaque so as to exclude light. The cover must be loose enough to remove easily. 
After 20 to 30 min. carefully remove the cover without shaking the tube and note 
the distribution of organisms. -— 

Response to Weak Acid. Warm a small piece of paraffin in water until it is 50 t 
enough to mold with the fingers. Make a layer of this on a microscope slide or piece 
of glass so that it is about 174 in. long by 4 in. wide by V$ in. thick. Cut or press 
out a middle portion of the wax so as to form a small narrow trough (see Fig. 21.1): 


issue 
] 
1 
1 
1 


f! 
D ' [ 
' 1 ' 
= | 
t 2] 
i --7hread La Organisms ! 
i 


Depression Porat tir 


Fic. 21.1 Paraffin trough for demonstrating the responses of protozoa to chemicals 
and to electricity. 


Make a small shallow depression in the wax near the end of the trough. Leading 
from this depression into the end of the trough place a short piece of thread forming 
a wick. With a medicine dropper add to the depression one drop of weak hydro 
chloric acid (one drop of concentrated acid to 10 cc. of water). It will soak throug 
the wick into the culture. A second drop of acid may be necessary, depending Me 
the Size of the trough. If no results arc obtained, add a very small drop of m 
directly to one end of the trough. The paramecia approach the acid but are unab.? 
to pass very far into it. thus forming a definite line across the trough as shown x 
the diagram, Fig. 21.1. Dilutions of acetic and other acids will do as well as hydro 
chloric acid. 

Response to Carbon Dioxide. Make a small U tube from glass tubing. Nearly 
fill it with paramecium culture. Place a tube of air over one end and a tube ? 
carbon dioxide over the other end. Let this stand for 30 min. to 2 hr. and note uA 
change in distribution of paramecia. The solution of carbon dioxide in water Ls 
a faintly acid condition which causes the organisms to concentrate there. 
acidity is far less than in the acid-drop experiment described above. 

Response to Food. If material from an active paramecium culture is poured i 
flat glass dish such as a watch glass (or caster cup) or petri dish and allowe 
stand 5 or 10 min. and is then examined under a microscope or strong han 


clusters of paramecia may be seen i i ja 
r ] around the particle: decomposing 
material or bits of bacterial scum. : ji 3 


Response to Electric Current. Us 


nto 4 
d to 
Jens; 


in 
e the small paraffin trough described above 


Response to Weak Acid. Nearly fi i : Jace ? 
$ . y fill the trough with paramecium culture. P 

tch 

Wire lead from one pole of a 174 to 3-volt dry cell in one end of the trough. Wa e 


carefully what happens in the culture a 


p th i lied 
opposite end of the trough. The animals q Lee E ciao e ae 


i nd 
uickly orient toward the negative pole ? 
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accumulate near it. If the poles are reversed, the response is repeated. This reversing 
may be accomplished by changing the position of the wires or by the use of a revers- 
ing switch (Fig. 13.6). With a good light and a dark background the results can be 
seen without a microscope. 

Euglena. Response to Light. From a culture of active euglena take a large drop 
and place it in the middle of a microscope slide. Cover with a cover glass and place 
on a microscope stage. Set the microscope in a darkened room or shade well by 
Setting up screens. Turn on an artificial light screened in such a manner that light 
may be reflected from the mirror of the microscope through the stage but so that no 
light will fall upon the slide from any other direction. A cardboard box as shown in 

ig. 21.2 is very satisfactory for a schoolroom. Place beneath the slide containing 
the drop of euglena culture an opaque card with a slit Jig in. wide as shown in 
Fig. 21.3. Allow this to stand for 5 to 10 min. Open the screen or box and turn on 


N 1 
Euglence Opaque 
cord 


Y 
Microscope" 
slide 


Fic. 21.3 Device to show the response 
of euglena to light. 


Fic. 2 n ^ a; 
ee A light shield for a micro 


light from above or carefully remove the card without disturbing the culture. Note 


We arr i Ited from their positive reaction to 
angement of lenae which has resulted tro. p 
à ira gie kness for several hours before the 


ight. If th à Y d 
E e culture has stood in complete Car t 
*Xperiment, the reaction is faster and more marked. Pour 2 tablespoonfuls of active 
*uglena culture into a flat dish. Cover one-half of the culture with an opaque 
j : à h. See that the screen darkens 


polect, Turn on a li i i bove the dis 
1 n a light directly (12 in.) above À 
half the culture. alter iani M tus the screen and notice that the euglenae have 


Concentrated in the lighted half. 


Coelenterates 
Hydra, F he only available coelenterate is hydra. 
. Except near the seashore about the on y 
T hese may be "Und found in ponds or lakes, or they may be purchased from 
"Pply houses, TH deli itive but interesting. 
. They are delicate and sensitive ; 
aterials, Sait culture of hydra; watch glasses; a few water fleas (Daphnia) 


° very minute pi 
ieces of fresh beef. A 
esponse to (aba If a hydra is placed ina watch glass or other shallow dish of 
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MS E eae 
water, it may be set upon the microscope stage for e uL 
not necessary, however, since the hydra is large enough to pcd -— om 
magnification. If undisturbed for several minutes, the hydra wi As € oat tlie 
ably. Carefully touch the tip of one tentacle with a pin point. Som vial Samoa. 
tentacle will shorten. If the stimulus was very strong, the entire m D 
quickly. When it has lengthened again, a touch on the body will produc 

roughout the hydra. ] . " 
7: Raspon to Food. Place a few daphnia or several tiny moe ot en men 
the tentacles. Drop them into the water with the least possible istur! xis ME 
hydra has not fed for 1 day or more previous to the time of the an "| quitel 
be seen to seize the food in its tentacles and to take it into the i E ieri 
cavity. If the food is alive and active like daphnia (water fleas) or € oa ends 
the hydra will sting it with its stinging cells (nematocysts). These - e rh aad 
a microscope. Seashore bathers are sometimes rendered miserable a ea ig 
cells from jellyfish with which they may come in contact while in the 


Worms 


T etr 
From this point on we will be dealing with animals that have puser hr E 
and a definite differentiation into tissues such as nerves and muscles, whic 
been true of the organisms mentioned above. " at dish 
Common Elane, Planaria. Materials. Culture of planaria; onl fac 
such as a watch glass or saucer; good dry cell 17A volts; wire for leads fro 
terminals; small piece of liver the size of a 25-cent piece. h water. See 
Response to Food. Place three or four planaria in a saucer of Y liver in the 
that they are all near the edge of the water. Place the small piece of Hv utes. AS 
center of the dish and observe the behavior of the worms for several eei directly 
Soon as the juice from the liver has diffused to the worms, they should swi eviously. 
to the meat. Worms for the test should not have been fed for 2 ay T or on à 
Response to Electric Current. Place a worm on a saucer or watch glas that the 
piece of thoroughly wet filter paper. Place the leads from a dry cell er pole; 
negative pole is about 1⁄4 in. in front of the worm and the other, on pos: a seems 
about % in. behind the worm. Notice that the worm shortens violently En ole is 
unable to continue locomotion. Now reverse the poles so that the ponen E 
anterior and the negative pole is posterior to the planaria. Notice that it T Place 
but turns until the anterior end (head) is directed toward the negative po The 
the electrodes about Ya in. from the sides of the worm, one pole on each si > MD 
worm turns sideways with the head always toward the negative pole. Do no 


w 
: 3 5 : na fe 
the worms with the terminals or continue a stimulating current for more tha 
seconds, to avoid injuring the animal. 


The Earthworm. Materials. Several livi 
but not necessary); dry cell 1% volts; 
volatile acid) ; flashlight or other artifici 
screen; glass tube (14 in. or more inside 
fit the end of the glass tube. 

Response to Contact. Place a fresh w 
Touch various places on its body with 


best 
ng earthworms (night crawlers are 


or 
wire leads for dry cell; aqua ammo 
al light; a card or book to be used as Ps (0 
diameter) about 12 to 18 in. long; c 


in 


crawling on a wet paper. 


ing 
drochloric acid will do) and br 
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the match to within 1 in. of the worm's head. Notice the sensitivity to chemicals of 
this sort. Do not touch the chemical to the worm. Try other regions of the body. 
5 Response to Light. Place an active worm on a wet paper. Allow it to crawl a few 
je in one direction. Keep the worm in a darkened room or shade it well from the 
N t. Turn the beam of a flashlight or desk light on the anterior end as it crawls. 

otice the sudden retraction from the lighted zone. If the worm is kept in complete 
darkness for 1 hr. before the experiment, it will react better. 


Planarian" ^ 


Fio. 21.4 Method of showing the responses of a planarian worm to direct current. 


ox Cesponse to Electric Current. Place an earthworm upon a piece of very wet paper, 
1n a glass dish with ¥ in. of water over the bottom. Use two 17a-volt dry cells, 
Connected in series so as to give 3 volts. Place the leads so that the positive pole is 
in. from the anterior end of the worm, and the negative pole is 1 in. from the 
Posterior end, "The worm shortens. Reverse the direction of current. The worm 
*hBthens, Place the poles on opposite sides of the worm an inch or two from its 
Rh There is usually a turning of the anterior end toward the negative pole. Some- 

Mes the posterior end responds in a similar fashion. > 
ace a worm in a glass tube the diameter of which is considerably greater than 


€ diameter of the worm. Nearly fill the tube with water. Close each end of the 
i i d a short piece of copper wire or a 


he leads from dry cells (3 volts) to 


Arthropods 


i "e their high degree of specialization the art 

cir behavior. This is especially true of the insects. ] 

To! Fagonfly Nymph. These are large aquatic young insects that can be obtained 
m the mud at the bottom of ponds and quiet streams. : 

re aterials. Dragonfly nymphs; small culture dish or pan; forceps; small worms or 

P> pieces of earthworm or meat. 


sponse to Food. U mph that has no 
9f food in the forceps deb 14 in. before the head of the nymph. The nymph, 


if it has : food and devour it. Vision or 
as not been fed recently, will quickly snap at the food an s hail RE 
Chemical sense, or path, pu Hor in the response. Examine the "lower lip" of 


e 
nymph to understand how it can reach out for food. 


hropods are very mechanical 


t eaten for 24 hr. Hold a small particle 
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s llowing 
Blowfly Larvae. Any ordinary fly maggot may serve for ei po xd 
reactions, but the bluebottle and greenbottle flies have been found to 
; pasti k box 
Materials A dozen or more nearly full-grown maggots abeant pea cuire i 
when not used); table lamp that can be moved; large piece i er aay eae 
such as a shoe box; flat pan such as a shallow cake pan; plate 
indowpane) ; hot and cold water. f . ] aA 
V CER 2 Tight Source. The response to light is best determined si pane 2 
room or by means of a box such as a shoe box. Prepare a light Ms Z2 5). pee 
hole 14 in. square in a card or in the end of a cardboard box oie ed dam. ake 
a fairly strong light (bright window with shade drawn low may : us i pepe 
opening. This will throw through the hole a beam of light, which en a Ad] 
shaded table top. Now place a maggot before the opening with xU (om pik 
away from the light. Notice its reaction and direction of crawl. ac toward thé 
opening again with the head to ex. 
light. It turns rapidly away. Cut a Mer 
opening in the side of the box (or by". 
second screen) and place a light nee right 
that its beam falls on the table in n 
angles to the first onc. Start a maggo fpe: 
the first test. When it reaches a point i 
site the second light, turn on the Sh ó 
light and observe the change in the P E 
the maggot. The maggot pre object 
Fic. 21.5 Structure of box used in from the second light. If a y bes 
the study of behavior of insects. be placed in the position of F of light 
light so that heat rays a the source 
path of the maggot, its course will swerve towar 


rays fall across the 
of heat. 


; wpane 
Response to Change in Temperature. Take a heavy piece of glass hs paper 
and cover it with a sheet of paper that has been soaked in water. Pics o and light 
smooth over the glass and drain off excess water. Place the light screen ) and at 
upon the glass. Rule two parallel lines on the paper 10 ċm. apart quw late an! 
right angles to the beam of light. Lay a thermometer along one side of the p 


way 
record the temperature. It should be near that of the room. Start a e eh 
from the lighted hole and time it from the time it crosses the first line c d ice in 
the second line. Repeat several times and record the results. Put some cracke 
a flat cake pan and com 


A the 

pletely fill the pan with water. Cover the pan MT 
glass pane and its paper and let stand for 5 min. Record the Ho E craw 
Repeat the preceding tests with the same maggots and record their rates at about 
for the 10 cm. Remove the ice water from the pan replacing it with water 


rean 
45°C. Repeat the tests with the same maggots. Record the higher temperatu: the 
the rates of crawl. Make the: 


^ show 
se into a table and prepare a graph to simple 
results, This experiment offers the student an opportunity to construc i 


. wil! 
apparatus, collect data, record it, and then express it in graphic form ow com- 
an interpretation. Other temperatures can be introduced and a much mo 
plete graph drawn. 

Blowfly Adults. Place the m 
of sand (they should be full gr 
emerge as adult flies. 


Response to Light. If a number of the adults are put into a long box d P 
tube with a glass or cellophane covering at one end and turned towar i 
the flies will accumulate at the lighted end in a few seconds. Release one fly 


al 
aggots used in the above experiment in a e will 
own) and set them aside for about a week. 

ailing 
light 


x or J 
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Jin It will fly toward the window or other bright light. The response of the 
i aggot 1s strongly negative to light, while that of the adult from the same maggot 
positive to light. 
ES Worm Beetles (larvae). Materials. Gulture of beetles (see Chap. 12); large 
i ii the size of a hen's egg; dried bran; tightly fitting cover for pan. 
be omi to Humidity. The bran for this experiment must be very dry. It can 
pie in a warm (not hot) oven if it is stirred frequently. After cooling the bran, 
Ue. yo meal worms in the pan of bran by burying them around the edges of 
Eth n. Place the sponge, soaked in water, in the center of the bran. Cover the pan 
ime y and wait about 10 min. Lift the sponge. Usually the larvae are under or in 
EX pene If they have been desiccated (water starved) they will react quickly 
will come to the surface of the bran even in the light and move to the sponge. 


Vertebrates 

Peh 4 not so well suited for a study of simple 

RS. s as are the invertebrates. The higher vertebrates, especially the mammals, 

cies po Pealen nervous mechanism that makes much of their behavior too 

fund or simple analysis. There is no reason, however, for supposing that it is 
amentally different from the behavior of those lower organisms which have a 


io ecole system. 

"A ae Frog eggs can be collected i 
tions ap. 22), or young tadpoles can 
inen their activities at different stages of their developmen! 

iiia responses to their environment. 
foa Some of the activities of frogs are 
tier reflexes that they offer wider use for e 

verteb: i i 

Physiology rates. They are especially well suite! 
cop aterials, Living frogs; weak ammonia; 
us leads; dissecting needle or sharp pointed inst 
ag to Contact. Try the following contact S 
m The eye. With a pencil or small stick touch the surface of the cye lightly. 
strong the eye is drawn deeply into 
that the eyes react inde- 


I 
n many respects the vertebrates are 


n early spring and hatched in the laboratory 


be caught with a dip net. Simple observa- 
t give indication of 


so nearly based on simple and com- 
lementary experimentation than 
d for demonstrations in general 


small dissecting scissors; dry cells and 
rument for pithing frog. 
timuli on a frog and note the 


© li 1 . H n 
its ind may close, and if the stimulation is Very 
et. Repeat this several times for each eye to show 


Pendently of each other. 

"dk he nostril and eye. With a sharp pencil or sharpened matchstick tickle the 

tim il of the frog. Notice that it closes. Repeat and watch the cyes at the same 
€. The eye on the same side of the head as the stimulated nostril closes and may 


ave 
Withdrawn. There must be an association between the two reflexes. 
h the side or back of the frog. 


3. Th : i 
H € scratch. With a sharp pointed object scratcl 2 f 
w no response is given repeat tHe stimulation. Usually the frog will strike at the 

mulated area with its hind foot. This is called the “scratch reflex” from the well- 


nown reflex in dogs. 
oth, The croak. Place the thumb o 


wit 


n one side of a frog and the forefinger on the 
king motion. The usual response is a croak 
the a onse to Chemicals. Moisten the tip of a matchstick in weak ammonia. Bring 
may es slowly toward the frog’s eye but do not touch it. The eye will close. It 
nostri). drawn into the socket. When the response has ceased, do the same for the 
$3 the match again and touch it to 

es at the stimulated area. 

The scratch reflex is 
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repeated with the hind foot. Wash the frog after each application of chemical 
to remove the substance and prevent destruction of the skin. 

Response to Electric Shock. Bring the two leads from the dry cells to within 4 in. 
of each other. Then touch them to the frog's side. The scratch reflex is again 
initiated. If they are applied to the side of the head, the anterior scratch reflex is 
initiated. 

The Pithed Frog. A very illuminating set of demonstrations can be provided for 
the student by the use of a pithed frog. Either the entire brain may be destroyed by 
thrusting a sharp instrument into the cranial cavity from the back (posterior) 
portion of the head toward the front (anterior), or the brain may be severed from 
the cord with little damage to cither by cutting with a sharp knife or fine scissors. 
If the brain is not destroyed most of the head reflexes may be demonstrated except 
s io Scratch. Most of the body reflexes may be repeated except the croak 

ig. 18.3). 

Hindleg Scratch. For most of the demonstrations, a pithed frog should be sus- 
pended by hanging it on a rack by means of a small hook or clamp fastened in the 
mouth. Apply ammonia to one side of the back and notice the scratch response Just 
as in the normal frog. Apply some ammonia to the ventral wall (abdomen) onthe 
same side of the body. Notice the ability of the frog to “locate” the source. Since 
the brain has been destroyed or at least severed from the cord, there can be no sense 
of pain or "thought" involved. This usually interests students immensely. Apply 
some ammonia to the other side of the back and observe that the other leg is US“ 
in the response. 

The Eye and Nostril Response. Use a frog that has had the cord carefully severed 
from the brain and in which the brain has not been injured. The frog should be 
Permitted a 20-min. period of recovery from shock after the operation. Try wea 
ammonia on the nostril and on the eye. In some cases the response works readily. 
The operation, however, is sometimes severe enough to prevent them. The foreleg 
3 Will not work, since the path from the head to the leg has been cut. " 
font Om Preparation. Any number of demonstrations may be E 
frog. Cut the skin fr nerve-muscle (or femur-gastrocnemius) preparation. Pitfall 
separate the thigh mue. pe E, Place the frog ventral side down and care iite 
Eod Tim ra luscles just above the back of the knee. Look for a shiny. ‘ust 
€ sciatic nerve. It extends forward into the abdomen. Cut it J x 
below the hip and lay it out on the muscle yoke. 
out exerting any pull in doing so. Remove eee 
of the muscle tissue from the thigh ing 
(femur). Detach the calf muscle by remen ss 
the tendon at the heel, Make an L-shaped 8% e 
rod (see Fig. 21.6) by which the muscle ME 
suspended and fasten it to a ring stand oF oe 
support. The L rod makes it possible to imm 
the preparation in liquids. i of 

1. Stimulation of the nerve. With a Paice 
forceps pinch the end of the nerve an a P 
the sharp contraction of the muscle. Repo. the 


eral times at the same poi the nerve: 
; point on age 
Fio. 21.6 Apparatus used to sub- Muscle fails to react it is because of the da a 


mcrge a muscle i inchi i 
different oisi dec baths at done to the nerve by pinching. Pinch 2 ds p 
; point closer to the muscle. The conta af he 
‘ re 
nerve and stimulate the unremoved Peated. Cut away the damaged part 


2 $ : portion with the current fi 174-vol 
E i : nt from a 112 
r induction coil. Repeat this several times. The contraction always 2 place $ 
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the current (if not too strong) does not damage the nerve. Carefully touch the end 
of the nerve with a matchstick dipped in a chemical such as ammonia, salt solution, 
or dilute acid. The contraction is violent and continuous (tetanus). Clip off the part 
of the nerve stimulated and the contraction ceases. 

2. Stimulation of muscle directly. Remove the nerve entirely. Place the wires 
from the battery so that one contacts the upper end of the muscle and the other 
the lower end. Notice that the muscle contracts just as if the nerve were being 
Stimulated. Press both poles against the ends of the muscle and hold them there. 
There is a contraction and a relaxation. Break the contact and notice that breaking 
the current acts as a second stimulus, giving a contraction followed by a 


relaxation, 


3. Effects of temperature. By means of the L rod immerse the preparation in a 
d 2 min, Stimulate with electric current 


Small vessel of iced water. Allow it to stan: 

and measure the height to which it lifts the outer end of the lever. When it has 
warmed up to room temperature, repeat and measure it again. Immerse in water 
that feels just warm to the hand (40°C.) and repeat. By including a number of 
Other temperatures and recording the temperatures and height, a rough graph may 
e constructed showing the relation of height to temperature. The rate (time 
required per contraction and relaxation) may also be related in this way to tem- 


Perature, 
Make a nerve-muscle preparation with as long a nerve connection as possible. 


Stimulate the nerve several times to show that it functions. Arrange the apparatus 
So that the nerve may be laid across a small piece of ice for 2 min. or more. Apply 
the current and sce if it still causes contraction in the muscle. Remove the ice and 
after several minutes apply the current again. Is there any difference in the result? 

€ lowering of the temperature of the nerve serves as a block to the impulse. It is 
necessary, however, that the nerve, when tested, should not lie upon the muscles or 
a puddle of water since these will conduct the stimulus beyond or around the 
block. The blocking by means of cold is sometimes employed in desensitizing areas 


Or mi : N 
minor surgical operations. 


an. In connection with the study of the responses of organisms it is desirable 


to include the human species when possible. The general behavior of man is so 
complicated that an analysis of it is largely beyond the scope of the more ele- 
mentary courses; yet many simple demonstrations of response can be devised that 
may prove quite instructive. Some of those better known in general physiology are 
Siven here, 
he Tris Response. Have students work in pairs. One student sits so that he faces 

S, 'indow or other light source while the other observes the pupils of his eyes. 
ade one eye with the hand or a dark card. Remove the screen and notice the 
Tapid Shrinking of the pupil. Repeat, allowing about 5 sec. time for adjustment 
Sach time, One individual can perform this experiment upon himself if he uses a 
mirror near a bright light. While one person observes the pupil of another’s eye, 
et the subject focus upon an object close at hand and then upon an object at 


Considerable distance. The observer will readily see a change in the size of the 


hole in a card and hold it about 
from th i he hole. Close the other eye. With the free 
E ea m ahold and eye, causing the pinhead to move 


rom below upward. The head will appear to enter the visual field from above. 


actil, f the body surface are not equally 
€ Response. To show that all parts O Eod plns Pipe uim 
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" l 
piece of very soft wood. If properly adjusted the points may be placea U 
close together, or by partially withdrawing the pins the points wi = and forks 
this instrument with the points very close, explore the back of the | an pese 
arm. If the pins are close enough together they give the caesa nove 
contact on the skin. Separate the points a little at a time until just w ch. plam 
give the impression of two contacts. This is the distance apart of t A ui 
sense arcas of contact. Repeat these tests for the palm of the hand, v mer i 
head, or other regions and compare the results. Do not press hard e 
cause pain, as pain and pressure are separate senses. " d 
Tempor Response. The areas of the skin which are sensitive to er 
heat, that is, temperatures considerably below and above body aac pe oa ofthe 
located and marked upon a portion of the body,’ such as the forearm e eis odi 
hand, by using a metal or glass rod with a tapered blunt point. Coo he distin! 
ice water or snow and explore the area, making a mark wherever b. Me 
sensation of cold appears. By heating the rod in water, not hot enoug the finger 
pain, the same tests repeated will locate the warm sensory spots. Place decidedly 
of one hand in a tumbler of water which has been heated until it peek that 
warm, leaving it there for V? min. Place the finger of the other hand aber d 
is decidedly cold, leaving it for the same length of time. Pour the two Na teen 
water together quickly and insert the two fingers in the mixture. It feels c 
finger and hot to the other. angs 
The Knee Jerk. Place the knee in a bent position so that the lower m d 
limply as when the legs are crossed. Tap sharply upon the tendon jut. The leg 
kneecap, using the knuckles, the edge of the hand, or a narrow book. 
straightens or extends without the subject's control. 


BEHAVIOR OF PLANTS 


Algae " 

Oscillatoria. Materials. Large mat of living Oscillatoria; shallow conta! 
secting pan, crystallization dish, etc.). 
Mat Formation. Carefully 
clumps. Distribute them evenl 


ner (dis 


small 
pull the large mat apart, forming Ms 4 to 


y over the water surface. Allow it to px ]ler a? 

48 hr. in a light, warm Situation. Note that the number of mats is sma illating 

individual mats are larger because of coalescence of the small ones. The wen 

movements shown by Oscillatoria are likely responsible for much of this p cylin- 
Spirogyra. Materials, Two fair-sized clumps of living Spirogyra; two glass giner 

t jars; enough pond water to fill the c? 

in 


process of photosynthesis. 
Closterium. Materials. C 
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Brute or Small Colonial Species. Materials. A culture with an abun- 
E Pe and a volume of approximately 100 cc.; petri dish or one of 
Ein du eiit pu and somewhat deeper; 45-volt B battery, or series of. 
bus. ; two pieces of copper wire each about 1 ft. in length and no. 20 
Ed to Direct Electric Current. Prepare. a coil at one end of each wire 
Si ner : LE watch hairspring. Attach each wire to a pole of the battery and 
E pea e coils in the culture. Suspend them about 1 in. apart. Allow the current 
Maai rough this system for 15 to 30 min. Note that the algal cells collect about 

e Ive electrode, indicating that the cells bear negative charges on their walls. 
fe Sie em of Suspended Unicellular Algae. Place 10 cc. of a rich culture in a 
PR n success is obtained when the culture is near the neutral point—if 
Saiten iic AR or acid, results are not so pronounced. Add 5 to 10 drops of 
(sj e A ution of copper sulfate or a saturated solution of ammonia alum 
à SERM a um) to the culture. Shake the mixture a minute or two and watch for 

ent precipitate. Often this will occur within 3 to 5 min. or sooner. 


Pteridophytes 


Equisetum. Materials. Small mass of dry spores; glass slide; compound micro- 


Scope. 


Hygroscopic Properties of Elaters of Spores. Collect a fresh cone, lay it on a sheet 
the spores on a slide with a 


paper and allow the spores to shed. Place a few of 
wrap me. Examine them under medium power. Note the four straplike elaters 
aboni about each spore. If they are moist, they will be uncoiled. They will coil 
Ey. st € spore again if placed in a desiccator or in alcohol. After observing in the 
Eu carefully blow on the spores, expose them to a moist atmosphere, or 
iiem them in water. Examine them immediately and note the uncoiling and 
Fe ing movement of the spores. 
ae Sperms, Materials. Fern gametophyte culture (see Chap. 12); sodium 
slide € (0.01 per cent solution—! drop only is needed); compound microscope; 
bem oa cover glass; fine capillary tube made by heating and drawing out a piece 
R. inary glass tubing. 
es. las of Fern Sperms to Sodium Malate. Place a drop of water containing 
sodi Sperms on a clean slide. In this, place the capillary tube after filling with the 
the ms malate solution. Cover with a cover glass. With the microscope, focus on 
ies outh of the tube. The fern sperms will concentrate about the opening. Ap- 
ntly the same sort of reaction occurs about an archegonium when it is mature. 


Spermatophytes 


Why Do Leaves Fall? In the deciduous forest region, the widespread shedding 


is a conspicuous event 


of | 3 

thins particularly from trees and shrubs in autumn, 
ch in a short time drastically changes the appearance of the landscape. How- 
the summer in temperate 


During 
here is a continuous leaf fall, 


a few of the older leaves may 
ns which may be 
as in cottonwood 


ev 
Pd fall is not limited to the autumm., 
ough and throughout the year in the tropics t 
abscige TS. conspicuous. Even in herbaceous annuals 
Shed: ; uring the summer. Leaves are not the only plant orga 
opulu. addition, flowers, fruits, and even twigs Or branches, 
à us deltoides), are shed. a 
nce the size of trees makes them inconvenient to use, coupled with the fact that 
ily i greenhouse, à herbaceous 


adily obtainable a 


Ty. Ni put. 
umerous varieties of coleus are T€ 2 
by stem cuttings 


Orn; 
amentals, They are easily propagated 
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about 70?F. in slightly shaded situations. Rooting should occur within 10 to 14 days, 
at which time they should be transplanted in good soil in 4-in. clay flower pots. 
Plants propagated in this way, from a given variety, are genetically identical. 
Such a group of plants are known as a clone. Another desirable feature of coleus 
as an experimental plant is the fact that leaves are borne in pairs, with the two 
leaves borne at a node and opposite each other. Both leaves of a pair are the 
same age, and their physiology is ordinarily the same. Logically, one leaf of a par 
may be used for experimentation and its mate used as a control. The coleus plant, 
under the proper cultural conditions, maintains a fairly constant number of leaves 
on a given stem. About every week to 10 days the oldest pair of leaves, towar' 
the base of the stem, loses much of its color and drops off (abscises), with a new 
pair developing from the stem tip (apex). To obtain a logical answer as to why 
leaves fall, the following experiments can be easily conducted in any biology 
laboratory with relatively little expense and effort. 

Materials. Six potted coleus plants of the same age and variety, each with about 
seven pairs of leaves; 2 oz. lanolin (wool fat), obtainable from local druggists; 
sharp safety razor blade; 1 g. alpha-naphthalene acetic acid crystals (a yabe 
auxin or plant hormone); indole butyric acid, another synthetic auxin common y 
used in horticulture but more expensive; indole acetic acid, a natural auxin or plan 
hormone, may be used. However, the latter is unstable in light and a paste ma c 
from it is uscless within about 3 weeks. Some biological supply houses supply meg 
Pini Nutritional Biochemicals Corporation, Cleveland 28, Ohio, is also an excel 
ent source, š 

Grind the alpha-naphthalene acetic acid crystals to a powder. Add 1 part of hi 
powder to 400 parts of lanolin, thoroughly mixing the naphthalene acetic acid wit 
the lanolin. If your school does not own a chemical balance for weighing mai 
small quantities, a local druggist may be willing to compound it for you. An Od 
of this lanolin paste (including the hormone) is sufficient for many demonstration 
as Proposed here. d 

See Figs. 21.7 and 21.8 for preparation of the coleus plants. Plant A is PR- 
pu control. Two or three leaves from one side of plants B, C, and D are debla 3 
since is cut from the petiole, slightly below the point of attain a, 2 
stem). T ds à sharp razor blade, with the petiole stumps left attache! ade 

; The debladed petioles of B remain untreated. The cut ends of the del 


[^ j 
s t 
pe But An experiment demonstrating the cause of leaf fall: A, control coleus plats 
ant with leaf blade removed from each of three leaves; C, plant with three ^e ant 
petioles covered with pure lanolin; D, similar coleus Po ne 
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petioles of C are covered with pure lanolin. The cut ends of the debladed petioles 
of D are covered with a thick layer of the lanolin paste which contains the 
naphthalene acetic acid (hormone). After the students have observed the prepara- 
tion, or even better, if they prepare the setup themselves, as a project, return the 
plants to a well-lighted situation for 2 or 3 days, keeping the plants watered as 
previously. After 48 to 72 hr., the debladed petioles of B and C (Fig. 21.7) will 
have dropped (abscised), or will do so if slightly pushed. The treated petioles of 
D should still be as tightly attached to the stem as those of A, the control. 


c 


B 
g the cause of variation in leaf-blade position 
nt with half of one leaf covered 
with one side of a petiole treated 
petiole). (Drawn by Elaine Taft.) 


“A 
Bs. 21.8 An experiment demonstratin| 
Y shading: A, control coleus plant; B, coleus pla 


yh black paper or aluminum foil; C, coleus plant 
lanolin-hormone mixture (stippled area on one 


wat blade is removed the petiole abscises, except when the p. 
lanolin paste containing the synth 


acid, Wj ACD 
Call oe an application of pure lano 


the information that naphthalene 


no; : I 
is UM in plants, but that a similar natura 


i l 
PPle orchardists are often confronted with the problem of leaf drop several 
Weeks before itartty uf the fruit, resulting in a oed E or AM ue 
. ugh experiments, similar to the above, methods have been devise - 
nd flv’, hormone with a scheduled fungicidal spray. noe tinea BOEN leaf 
ruit dro d, resulting in great savings to the producers. — 
Reacts aE ENS eee procedure illustrates the applic oa pi a 
entific method of approach in solving problem and how it tiay be app i u 
* classroom, It involves recognition of a problem, observation and c 
Primary facts (iytserse perception), and the drawing of best wu a aR 
Ported by the data collected. Such logical procedure should be used whenever 


Possible ; 
‘sible in the biology laboratory. 
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This experiment may be enhanced and extended by preparing two other coleus 
plants, as shown by Fig. 21.8. With a piece of black paper or aluminum foil cover 
both upper and lower surfaces of half a leaf blade, as shown by plant B. Plant 4 
is the control (and may be same as A of Fig. 21.8). Apply a layer of lanolin paste 
containing naphthalene acetic acid to one side of a petiole as shown by C. A thire 
plant (not illustrated) may be included, to which the lanolin-hormone paste 1S 
applied to one side of the square stem from near the tip, downward over the 
length of two internodes. 

After 48 to 72 hr. the petiole of the leaf with one-half of the blade covered 
(plant B, Fig. 21.8) will have curved out of line from its original position, 1n the 
direction away from the shaded portion of the leaf blade, as shown in the illustra- 
tion. Before attempting to draw inferences, consider the results of treating one side 
of a petiole (plant C) with the lanolin-hormone paste. Within 2 to 3 days the 
petiole will have turned out of its original position, sometimes almost at à right 
angle, as shown by C, Fig. 21.8. From this the inference may be drawn that the 
hormone causes cell walls to stretch and become more permeable to water. Water 
diffuses into the cells exposed to a greater concentration of the hormone more 
rapidly than into the cells on the opposite side of the petiole, resulting in greater 
osmotic pressure in the treated tissues, causing the curvature or bending. 

With this information on the bending of petioles caused by an increased supply 
of hormone on one side, one may consider the bending of the petiole of the partially 
covered leaf blade of plant B. This petiole reacted in the same way as the leaf 0 
Plant C. The obvious inference is that light slowly destroys the natural hormone 
made am the younger leaves and that the auxin accumulates in darkness. That 2n 
there is more hormone available in the covered portion of the leaf blade than 10 
the other half which has been exposed to light. This hormone may diffuse throug 
the veins of the covered portion into the same side of the petiole, resulting 1 
greater osmotic pressure and thus causing the petiole to curve away from 
darkened half of the leaf blade. t 
li id enlargement of cells is an important phase of growth. This means then tha 

ight has a retarding effect upon growth. This is a useful concept, enabling onc 
understand numerous plant reactions. i 

* da suggested that in addition to plants B and C another coleus plant be D 
cluded, the stem of which was treated on one side with the same lanolin-hormo 
paste, extending down two internodes from the stem tip. After 2 or 3 days a 
stem tip will bend in the direction opposite to the treated side. What obvious infer 
ence may be drawn? When potted house plants such as coleus and geram 
a vee light from one side, as is likely in a south window, the UP a 
E e ; guess leaves turn in the direction of the brightest light. What 1n 

" . 3 an 
T d De Stems of Seedlings in Darkness Grow in Length More Rapidly pe to 
ose in right Light? A demonstration of this fact is simple and inexpensiV UE 
conduct. Arrival at the proper answer by the students involves some of the ped 
ciples discovered in the above hormone experiments with coleus and again appre 
a scientific method of approach to the solution of a problem. This demonstrate’, 
if properly conducted, will induce two kinds of answers by the students, those W yd 
imply purpose on the part of the plants and those based solely upon cause-@” «d 
jum with consideration as to whether growth is beneficial to the plant oF W^. 
Ts x rc pt 20 seeds of each of any three of the following: beans; peasy at? 
, radish, squash, corn grains, or sunflower achenes. Also, select a 80° Past 
tuber which shows slight growth of terminal bud (eye). Potato tubers are oF nat 
when harvested and usually remain so for 2 to 3 months in storage. Eight ordi 
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clay flower pots, 4 to 6 in. in size, will be needed as containers. Enough reasonably 
800d soil of one kind to fill the pots. 

Plant 10 seeds of each species selected in two pots. The seeds of each type should 
be genetically alike as far as possible, that is, the bean seeds should all be of one 
Variety such as red kidney bean, etc. The seeds should be planted about 2 to 3 weeks 
before the demonstration is to be used, keeping one pot in as near total darkness 
as possible and the other in full sunlight. All should be watered equally. The 
temperature should be the same (about 70°F.). The potato tuber should be cut, 
with one eye or bud to each piece, planting one or two pieces in each of two pots 
of soil, same as for the seeds. The potatoes should be started 4 to 5 weeks before 
the demonstration is to be used in class. 

When the plants are observed after they have grown for the periods indicated, 
they should be ready for observation by the students. They ‘may be reminded that 
the only variable in the experiments is that of light. The stems of all plants which 
ad in darkness may be three to four times as long as those which grew in bright 
light. The instructor may then ask why are the stems of plants longer when grown 
ìn darkness than those which grew in bright light? The obvious answer, if they 
ollow a scientific method of approach, is that the stems grow faster in darkness 
than in light. However, ordinarily the most common answer is that, "The plants 
In darkness grow longer stems in order to search for light." Some may notice that 
the plants which grew in darkness lack the green pigment (chlorophyll), while 

Ose exposed to light are green. Leaves of all the plants which grew in darkness, 
excepting corn, are very small and poorly developed as compared to those which 
Stew in bright light. The stems of all plants which grew in darkness appear to 

ave weaker stems than those which grew in light. Some students may attempt 
to answer the question first proposed by a combination of one or all of these addi- 
tional Observations. At this point the teacher may point out that it is logical to 
attempt the solution of one problem at a given time, and not a whole complex of 
Problems, Their attention is then directed to why stems grow faster in darkness 
an in light. 
zd Must be obvious that both answers canno 
dimid ie be led to undeatand e i À 
a ink and antici 
Other wor, a F pi D n E plant Meu that they have intelligence and, 
cl Some respects, greater abilities than human beings. Also, in arriving at this con- 
usion, they have ignored the obvious results as demonstrated by the experiment. 
is is the kind of answer that man has been prone to accept since he began to 


observe ientists, including science text- 
natural . Unfortunately some scientists, In i 
book wri ipee e i this respect. As mentioned previously, the 


t be acceptable. By questioning, the 
ose who gave the second answer 
te their needs of the future. In 


the inference was drawn 


*Xperime, : A 

nt with coleus. Also, in this last ation, as dra 
ùt and that growth in stem length increases as the ormone cor ü 

This is a atu pringinle in solving numerous plant problems. ]t is a cause-and- 


t must be realized, however, that t 
ave an adequate food supply, su 
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bright light, however, are able to manufacture all the necessary foods. The stems 
will continue to grow slowly in length and live on indefinitely. , nkol 
Use of Hormones in Vegetative Multiplication. The vegetative p irt 
stems, roots, and leaves of numerous plant species may be aegèleraret an ai 
proved by hormones. These are the safe growth substances as suggeste «^ 20 i 
demonstrations with coleus, but for this purpose they are generally used mn mhie 
higher concentrations. However, the lanolin preparation is not satisfactory sneed 
fat would interfere with the movement of water into the cuttings. ‘pa 
tions may be used, but for the purposes here perhaps the commercial deam aa 
using talc (hydrous magnesium silicate) as the carrying agent are the ie P 
tical. They are available, with directions for use, at horticultural PPE mec 
under the trade names of Hormodin, Auxilin, Quick-Root, Stem-Root, Rootone, 
and others. s root- 
Materials. For an adequate demonstration of the effect of hormones s pes 
inducing substances, at least six different species should be used with e^ Kc 
twelve cuttings made from each species. Usually it is better to use aperto 
tings, that is, a stem which is growing vigorously and before the wood has 
hard, and with two or three leaves intact. the cut 
Half of the cuttings of each species should be treated with talc only (on ings in 
end) and the other half with the talc-hormone preparation, Place the an F. 
moist sand, peat, or other desirable rooting medium in a shaded, kie cato 
situation. After about 10 days, examine at convenient intervals, for root MORE 
Holly (Ilex opaca), rose, privet, lilac, poinsettia, carnation, and chrysant 
are examples of desirable species for this demonstration (ref. 1). its. The 
Use of Hormones in the Development of Seedless (Parthenocarpic) Frui of the 
flowers of most Species abscise (drop) if pollination fails to occur. Apnd aui 
Pistil can be prevented by placing a dab of lanolin-hormone paste Co i What 
used previously on coleus petioles) on the stigma, or cut end of me y pe the 
inference may be drawn as to one function of pollen when germinating ce the 
stigma of a pistil? Also, if pollination does not occur, fertilization fails S, the 
male gametes (sperms) are borne in the pollen tube. If sperms carried ining 
pollen tubes do not enter the embryo sac of an ovule, the embryo sac con ovules 
the egg cell (female gamete) as well as the ovule usually aborts. Since {ll be 
become seeds after fertilization occurs; the fruit in this particular instance Edid 
seedless; the ovulary (ovary) of the pistil continues development as a weer 9 
Materials. One or two flowering tomato plants (8 to 9 wecks from pan top; 
seeds) planted in 6 to 8.in. pots filled with soil to within about 1 in. of t 
lanolin-hormone paste (see Fig. 21.7). 
Select a flower which i 
anthers about the pistil, 
ovulary, discarding the upper half bearin 
lanolin-hormone paste on the cut end of t 


: bscist 
yle. Both these flowers are likely to 2 yed 
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healthy rice plants gave the same results. In 1938, what proved later to be a com- 
plex of growth substances was isolated and identified as gibberellin. Active research 
a the Western Hemisphere, begun in 1955-1956, initiated research on the physio- 
ogical action and agricultural potentialities of the gibberellins, resulting now in a 
bibliography of more than 200 publications. Gibberelic acid is one of the most 
promising compounds composing the gibberellins. These substances are extracted 
from cultures of the fungus in much the same way as the antibiotic penicillin is 
obtained from the fungus Penicillium. Gibberelic acid is relatively inexpensive and 
Is effective in aqueous solutions in concentrations 1 to 20 parts per million. It is 
available, under the name of Brellin 10, from the General Biological Supply House, 
8200 South Hoyne Ave., Chicago 20, Ill. Directions are included for making dilu- 
tions without the aid of an expensive chemical balance. Gibberelic acid is also 
available from Nutritional Biochemicals Corporation, Cleveland, 28, Ohio. 

With some plants, remarkable results have been obtained. Some important appli- 
cations have been made recently to certain horticultural crops. For biology labo- 
eae demonstrations, genetically dwarf varieties of garden plants such as peas and 

cans may be converted physiologically into tall plants by treating with gibberelic 
acid. See Refs, 9 and 11 at end of this chapter. 
Sensitive Plant (Mimosa pudica). Materials. Potted plants about 3 to 4 months 
old. These may be grown from seeds which are obtainable from seed dealers. 

„These plants show very rapid movement of leaflets, leaves, and petioles when 
Stimulated in certain ways. Several other plants, especially of the Leguminosae (pea 
and bean family) show similar movements, but not nearly so pronounced as mimosa. 

9 not use the same plant for all the following experiments, unless several hours 

ave elapsed and the plant is again normally expanded and sensitive to touch. 
Md d to Touch, Pressure, or Slight Blow. Touch, pinch, or strike a terminal 
of UA Note the progressive folding movement of the leaflets and finally a drooping 

whole leaf. Allow the plant to stand without further stimulation for a time. 

ote that the original position of the leaf parts is regained. Also note that there are 
Special swollen organs at the bases of the leaflets and leaves. These are known as 
Pulvini. This organ is composed chiefly of thin-walled parenchymatous cells. Also 
arge intercellular spaces are present. The permeability of cell membranes of this 
organ can change rapidly, and the turgidity of cells can change, resulting in the 


ek 

apid movements observed. 

te ehavior in Response to Injury. With a hot needle, or match flame, burn the 

Ree nal leaflet, Watch the reaction. Prick t a e 
edle, Follow this by touching a pulvinus an : erences in 


Behavior in Response to Change in Temperature. Place a plant in a cold (not 
e ing) situation until it no longer reacts to touch. Keep it cd ES a ES 
aad replace in room temperature and note the lapse of time before norma 
Ctions occur, The insensitive condition brought about by low temperature 1s 
nown as “cold rigor.” Plants will regain their normal condition if not allowed to 


Temain ; 
main in a State of rigor too long. In the same way exp t 
til heat rigor has set 1n. 


C. until i i iti 
: it becomes insensitive, or un A 
Behavior in Response to Drought. Allow soil about a plant to dry out until the 
Plant js insensitive, or drought rigor has occurred. Then moisten the soil and record 
€ time it 1 1 in 
takes the plant to become normal agam: 3 
= *&Sponse to Anesthetics Expose a plant to chloroform under a v jar iy a few 
"tes, or until it is insensitive. Return to normal conditions and note the time 


requi 
Wired for return to normality. 
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Response to Absence of Light. Keep a plant in a dark room or box until it is no 
longer sensitive to touch. Replace in a light situation and record the time of return 
of sensitivity. 

Sunflower, Coleus, Geranium. Materials. Three potted sunflower plants 6 to 10 
in. in height. Other plants such as coleus or geranium may be substituted. 

Behavior of Stem in Response to Gravity. Place one pot on its side so that the 
stem is horizontal to the pull of gravity. Suspend another upside down so that the 
stem tip is pointed in the direction of the gravitational pull. The third plant 15 
kept as a check. Allow the experiment to continue for 2 or 3 days and note the 
reaction of stems. 


Apical Dominance 


Apical Growth of Stems and Dormancy of Buds. Growth in length of stems of 
seed plants occurs at the apex of each stem axis. If terminal buds are present, 
apical dominance is exerted, inhibiting the growth, ranging from a low rate to coria 
plete dormancy of the lateral buds. In many ornamental plants when “bushy 
specimens are desired, floriculturists recommend “pinching back” (removal o 
terminal buds) to increase branching by permitting lateral buds to grow. Those 
who are most successful with tea roses remove the flowers as rapidly as the buds 
begin to open. In the laboratory this can be easily and satisfactorily demonstrate 
by the use of two coleus plants of the same variety and age which have been 
propagated vegetatively. Use one as the control, and remove the terminal bud from 
the other, keeping the two plants growing under the same conditions. Within @ 
week or two, appreciable growth of lateral branches from axillary buds will likely 
be evident. This may also be demonstrated by the use of two plump pore 

Solanum fuberosum) tubers of the same variety and size which show slight idl 
dence of sprouting. Using one of the tubers as a control, embed the end ber 
Was originally attached to the parent plant in moist sand or soil. Cut the remaining 
tuber into three or more parts, being careful not to injure the "eyes" or buds. Plac 
E tuber pieces, cut surface down, on moist sand or soil as for the control m 
5 “Ah Eun gd and tuber pieces are kept under good growing cantica dd 
teeta ce eat Ea Cue bud alone will have grown on the control, SE m the 
LADEN lg e lateral buds will have developed on the pieces at a E rout 
formation after e eo Bere Fal tori vendi fiM oue M 

An examination of p^ MD pmi iospern 
trees will reveal Pe iip C ind dia Segment oi stage oe pi i 
Emil oy eb Ben mant buds caused: by apical dominance exerte! elms 

at season or by nearly terminal lateral buds as in the 


sc 
(Ulmus). When such trees are cut, sprouts often occur from the stump. sak 


sprouts are from dormant lateral buds whi h Cutting of the 
, Cutting 
tree removed the inhibiting effect of ich may be many years old. Cu able 


that the explanation of apical domina 


n 
t. This kind of teaching complements ^^. 
dividual for understanding his environ 


Polarity of Vegetative Plant Organs two 
e 


y is involved in „most growth correlations in seed plants. dm lop” 
ng axis may exhibit a remarkable degree of difference in 


Stems. Polarit 
ends of a growi 
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ment. A fertilized egg or zygote, by cell division, becomes an undifferentiated 
embryo. About half the undifferentiated embryo becomes a stem and the other half 
a root. Horticulturists have long known of the polarity exhibited by stem cuttings, 
roots developing from the basal end and shoots from the apical end. There are 
very few known exceptions to this. If the stem cuttings are inverted in moist sand, 
or other “rooting medium,” roots fail to develop on the apical end which is 
embedded in the sand and the cutting usually dies. In some species, when kept in 
à saturated atmosphere, roots may develop on the inverted stem cutting, but always 
on the morphologically basal end. 
Leaf Cuttings of Sansevieria. The common potted ornamental plant Sansevieria 
trifasciata (bow-string hemp or snake plant, Fig. 23.3) may be propagated vege- 
tatively from leaf pieces. A leaf which is 2 ft. in length may be cut transversely into 
eight pieces, each of which may be used as a propagule, if the morphologically 
basal end of each piece is placed in moist sand. It may take 5 to 6 weeks for the 
Toots to develop. From one or more of the roots a shoot (rhizome) will likely be 
differentiated somewhat later. However, if the leaf pieces are inverted with the 
morphologically basal end up and the apical end is embedded in the moist sand, no 
Toots will develop from the apical end. If this inverted cutting is retained long 
enough, root tips may be found developing from the basal end and directed 
upward, opposite to the pull of gravity. 
Roots of Sweet Potato. The common sweet potato varieties and so-called yams 
(Ipomoea battatus) of vegetable markets are anatomically fleshy roots. These have 
long been used as vegetative propagules. Persons who deal in vegetable plants for 
the home gardener plant whole sweet potatoes in moist sand, keeping the tempera- 
ture at about 70°F. In time, numerous shoots appear. When these are 6 to 8 in. in 
length, they may be pulled, broken loose from the planted sweet potato, and sold 
as “slips” to the home gardener. The gardener then plants these in his garden where 
he Wishes the crop to grow. Occasionally the sweet potato is used as an ornamental 
Vine in the home. A quart size glass fruit jar or vase filled with water may be used 
as a container. The basal end (root tip end) of the sweet potato 1s placed in the 
Container with 2 to 3 in. of the swect potato submerged in the water and supported 
In place by the rim of the glass jar (Fig. 21.9). If the diameter of the sweet potato 
55 too small to be supported by the jar rim, insert three pointed match stems in the 
eshy root to hold it in the proper position. If kept in a warm (70 F.) ER 
€Xposed to sunlight from a window, within 2 to 3 weeks numerous roots wil : ave 
*veloped from the basal end in the water. In about the same time a few shoots 


Stems wi P the apical end. If by chance 
Mods leaves) will pave developed aan d umm it is likely that no 


© apical m in the container an t 
Toots e^ Bus S DLE e m sweet potato will decay. When eae fne 
sweet potatoes from the vegetable market, pick only the ones which : pu a i 

ds near one end. The presence of the buds indicates the apical end of the Yd 
ouo or the end where it was attached E E pet eel x heo 

pow i ill be found n i , 
the jr Ken ee ^s RE where the remainder ji the root . 
was broken off during harvest. It is obvious from the foregoing that polarity 1s 1n- 
volved in the development of roots and shoots from the gr Hc OMEN M Ha 
€ sweet potato, as previously described, is useful in the jol ey ie ie 
short! other ways in addition to the demonstration of PIED ael dra uaa 
n i * H 
lengthwise 8 Fe ia ade A aril buds, each containing a stem tip 
3 trated on a white potato 


api " 2. demons! 
Pical meristem), are arranged spiraly T pice from some other organ than a 


tuber (Sol 
di . Buds wh 4 
Stem, as well E ipeo) TEA which occasionally develop from tissues of an 
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internode, are known as adventitious buds. Observations of these parallel ig 
adventitious buds on the sweet potato led to.an anatomical study which Prey 
that such buds originate from the stumps of lateral roots, usually embedded in A 
sweet potato tissue. If a young sweet potato is carefully removed from the s s: 
these lateral roots may still be found intact. It has long been known that e E 
roots arise from a main, or primary, root opposite the protoxylem points o! E 
vascular system. This causes the lateral roots to be arranged in parallel -— a) 
ning lengthwise of the main or primary root. This can be seen on the roots o! E 
seedlings such as tomatoes, cabbage, and peas, when carefully removed from id 
soil. The lateral root scars and the buds which develop from remnants of the o à 
lateral roots, as well as the absence of leaf scars on the sweet potato, are evidenc 
that the sweet potato is a fleshy root and not a tuber or stem. pte 

On the stem of the shoots and near the base of the petiole of each leaf P id 
sweet potato, a pair of prominent root primordia are to be found. Directly ning 
each member of this pair there may be a series of smaller root primordia fuse 
a line on each side of the stem. If the photograph of Fig. 21.9 is carefully pus - 
these root primordia may be seen. When these shoots ("slips") are removed from 
sweet potato and planted in moist soil, these root primordia develop into 
fledged roots usually within 24 hr. or less. 


Fic. 219 Sweet potato plants 


efu! 
TO) t are us 
In numerous ways in the biolo; Propagated from a fleshy sweet potato roo 


By laboratory. (Photograph by Dr. Alan Heilma 
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The sweet potato plant is unusual from the standpoint of vegetative multiplica- 
tion. All three of the vegetative organs, the roots, stems, and leaves, may be used 
as propagules. The petiole of a leaf, when cut just above where it is attached to the 
stem and then placed in moist sand to the full length of the petiole, with the leaf 
blade resting more or less on the sand, will often root within 10 to 14 days. In some 
varieties, shoot formation will not occur as long as the leaf blade is intact and is in 
good condition. After the petiole has developed a good root system, if the leaf blade 
is mutilated or mostly removed, shoot formation will occur. In other varieties shoot 
formation occurs even though the leaf blade is still attached and in good condition 
The sweet potatoes borne from a fleshy root, a stem, and a leaf are ordinarily 
identical as to variety of the parent type from which the propagules were derived. 
This means that every cell of a leaf, stem, and fleshy root of a given variety of 
Sweet potato is identical genetically. These observations and facts may be used 
effectively in introducing a study of mitosis, or ordinary cell division. 

A half dozen sweet potatoes cultured in glass jars as described and kept on a 
windowsill of the biology laboratory will supply an abundance of material for the 
foregoing observations and for numerous other purposes. The biology laboratory 
should never be free of some living plant and animal specimens. Leaves of the 
Sweet-potato plants may be used for chlorophyll extractions and the synthesis of 
Starch following photosynthesis. Freehand sections from the fleshy roots are excel- 
lent for demonstrating the accumulation of starch as a food. The leaves, stems, and 
roots may be used in studies on respiration dealing with the release of carbon 
dioxide. Red-stem varieties may be grafted on to green-stem varieties, or vice versa. 
Additional uses may be found for such sweet potato cultures after they have been 
used a few times. 

Corn (Zea mays). Materials. Wooden box about 4 by 3 in. with bottom removed 
and replaced with wire screen (hardware cloth) and muslin over the outside 
of the Screen; sawdust or peat to fill the box; 12 to 18 corn grains; means of 
Suspending the box at about a 45° angle either by legs or swinging; large tum- 

er or glass funnel; filter paper and peat, sand, or sawdust to fill the tumbler 
or funnel, T 

Reaction of Corn Roots to Gravity. Line a tumbler or glass funnel with filter 
Paper. Fill the lined container with peat, sand, or sawdust, and thoroughly moisten 
E Carefully place several corn grains between the glass and paper, distributing the 
Brains 1 in. or more apart. Place them in a warm situation, keep moist, and wait 
for Eermination. If soaked seeds are used, roots will appear within 2 or 3 days. 

ote that the primary roots grow in the direction of the pull of gravity. After the 
Tots are about 1 in. long carefully remove half of the germinating grains. With a 
Sharp razor blade or other knife cut off about W% in. of the root tips of two or three 
Specimens, leaving the others uninjured, Replace all the specimens in the tumbler 
or funnel so that the primary roots are pointing upward, or away from the direction 
9! gravitational pull. Keep moist and warm as before. Within 24 to 48 ae 
‘verted roots with the tips intact will have curved and turned downward im 
Tesponse to gravity. The decapitated ones remain upright and uncurved, indicating 
tat the tips (meristematic tissues) are necessary in responding to gravitational 
orce, Note the results and compare with the roots which were not removed from 

© container. 


sponse to Water against Gravity. Fill a wooden box as described above with 


" o 

> peat, or sawdust. Plant about 24 corn grains in it. Suspend at about a 45 
angle. Keep very moist and in a warm situation. When the roots come through the 
Muslin bottom, note that they do not grow straight down but turn up against the 
muslin and wire-screen bottom. This seems to indicate that the reaction to water 1s 


St 5 
ronger than response to gravity. 
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A TG t 
Wheat. Materials. A dozen wheat grains; glass cylinder or taar Lee pa 
500 cc. capacity; piece of muslin for covering mouth of cylinder; handfu 
ount of erythrosin. " y in in 
SN of um to Light. Make up about 500 cc. of very a pre 
water (1 part erythrosin to 50,000 parts water). Place this in the 9 = z Wi tB 
muslin over the mouth of the cylinder. The liquid should come almos ep 
of the cylinder and just touch the cloth. Place the wheat grains on eu. 
covering them with sand to keep them moist. Set the onerant E p Si 
place until germination occurs and roots 1 in. or more in lengtl i aM io that the 
and are growing straight down. Then place the cylinder in a win d ld continue 
roots will be brightly illuminated from one side. This exposure shoulc het 
for 12 to 24 hr, Usually by this time the root tips will have bent at ne e 
and toward the bright light. The erythrosin in some way causes the Pw erythrosin 
sensitive to light. This should be checked by a similar setup in which no 
is used. ion and 
Opening and Closing of Flowers and Inflorescences. Darkness. arme ng 
numerous other composite inflorescences (flower clusters or heads) s or potte 
the night and open in bright sunlight. Cut flower stalks placed in pow two sets 
flowering plants may be used for demonstrating these movements. 9c and leave 
of flowers which have opened in sunlight. Place one set ina dark Bante tempera- 
the other in bright light as a control. Select the dark situation so that pence 
ture will be as nearly the same as in the light location. After exposure 0 trols. The 
in darkness the inflorescences usually close. Compare these with the [or opening 
closed specimens may be opened again by placing them in bright lighe the base © 
and closing are due to changes in turgor of cells near the inner side o: 
each bract surrounding the head of flowers. A in tempera- 
Temperature. Crocus and tulip flowers are very sensitive to changes 10 to 15°C: 
ture. When the flowers are closed and are brought into a room which is 0 min; THE 
warmer than where they were, ordinarily they will open within 5 uw the opene 
flowers are sensitive to changes in temperature as slight as 0.5 to 3 C. ithin a sho 
flowers are returned to the colder situation, they will close again withi 


e 
l : es of th 
time. These movements are due to changes in turgor of tissues at the bas 

sepals and petals. 
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CHAPTER 22 


-4 Reproduction ¥- 


The capacity of self-perpetuation is a fundamental characteristic of pretos 
plasm. This is a phenomenon occurring in all species without which they 
would become senescent and disappear from the earth. In unicellular organ- 
isms cell division and reproduction are synonymous. Also, in many of nee 
organisms, sexual reproduction occurs which involves a union of cells. In 
multicellular organisms cell division does not lead directly to reproduction, 
but builds up the organism's complex body which eventually produce 
specialized reproductive cells, such as spores and gametes, or results E 
various types of vegetative multiplication. In teaching, it is generally bun 
to start with the lower forms of both plants and animals since they are fre 
from prudish associations and usually less encumbered with secondary mers 
structures. Here, too, much terminology may be introduced and the ee 
made familiar with the fundamental steps before application to pum 
forms. Many of the activities of plants and animals are closely associa 
with the reproduction of their kind. This is none the less true of man, E 
the extent to which the subject is taken up in the classroom will depend ups 
the age of the students, the skill of the teacher, and the intelligence a y 
attitude of the community in which the school is located. In any event - 
function of reproduction is a perfectly normal, natural one and shou 


. . : s jon, 
approached as such in the same manner as respiration, digestion, excret! 
and the like. 


ASEXUAL REPRODUCTION IN PLANTS 


Bacteria. Spontaneous Generation. The belief in spontaneous generation iion) 
far back among the ancients, The Middle Ages was dominated by this concep” 


age . ; tion 
backed by Aristotle’s authority. As the experimental method of testing observa 


* H tt : ts gr 
came into use, these beliefs and superstitions concerning the larger plan t all 


animals were gradually replaced among the educated by facts indicating awe 
living organisms arise directly from living parents. However, after van Leeu’ Za 
hoek discovered bacteria in 1676 a controversy arose concerning the origin © teun 
minute living forms. This argument was not settled among scientists until por ust 
through a series of experiments made about 1860, showed that even bacteria 
have parents. His experiments may be repeated ni any laboratory. eri 
Materials. Two test tubes; two small (200-cc.) flasks (if Pasteur's classical er 
ment is to be tried); two pieces of glass tubing 5 mm. in outside diameter for 
about 12 in. long; two one-holed rubber stoppers to fit flasks; sufficient cott? such 
plugging tubes; about 250 cc. of nutri i term vail- 


as grass infusion liquid, beef broth, ag. 


reaches 


ent medium used for culturing bac 
ar, gelatin, or any other which may 
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able; steam sterilizer or an autoclave, if available; heat source for sterilizer and the 
bending of glass tubing. 

Fill the test tube half full of the nutrient medium. Push a plug of cotton into 
the mouth of each tube (see Fig. 12.19) just sufficiently tight to suspend the tube 
by the cotton. If much tighter than this, the necessary air may not diffuse through 
the plug. Place one of the plugged test tubes in the sterilizer and heat to the 

oiling point for about 1 hr. Allow the tube to cool, label, and place along with 
the unsterilized tube in a dark place at room temperature (70 to 85°F.). Examine 
the two after 24, 48, 96 hr., or longer. Note the differences that appear to the 
unaided eye. Examine a drop of cach solution under high power (4 mm.) of a 
microscope, Bacteria are present in the unsterilized cloudy medium. You will not 

nd any living organisms in the sterilized medium. (If they should be present the 
experiment should be repeated.) Spontaneous generation cannot occur under these 
conditions, Air can get into each culture, but inoculation does not occur in the 
sterilized medium, since the cotton plugs act as filters. The presence of vast num- 
ie of bacteria in the unsterilized medium after incubation as compared to the 
pall number at the beginning indicates that rapid reproduction has occurred. 
oe may be asked to suggest practical applications of the principle of steriliza- 
iM high temperature. Commercial and home canning of fruits, vegetables and 
, hospital technics, etc., are the commonest examples. 
of pe curs flask cultures undoubtedly will stimulate interest. Draw one end of each 
Benq En Pieces of glass tubing out so that the opening is about }2 in. in diameter. 
tightly d tubing as shown in Fig. 22.1, and fit 
nto the stoppers. Fill the flasks about 


One-thi ] : 
topped full with the nutrient medium. Fit the ii? 


Sterilizer ny into the flasks. Treat one in the 

Allow th or 1 hr. or so at boiling temperature. 

e oe dk to cool, label, and set aside with 

hr, op Merilized flask. Observe after 24, 48, 96 

Culture, noon Compare appearance of the two ERES 

ing of the -Can diffuse through the small open- : 

does not © glass tubing. The sterilized medium Fic. 22.1  Pasteur's flask. 

Any bacte “come inoculated since gravity causes , 

tubing "a Which may be carried in by air to drop out in the bends of the glass 

uction "Infusion Culture. Bacteria are widely known for their rapid rate of repro- 

To rin; Mil, meat, and other foods may spoil overnight during hot moist weather. 

Bteat zw about such rapid spoilage, vast numbers of bacteria must be present. These 

"fission s bers may be attained by a process of vegetative reproduction known as 
ater; nder favorable conditions this may occur every 15 to 30 min. 

500. tals; A handful of grass which is starting to decay; source of heat; water; 


Scope. eaker or other container; microscope slide; cover slip; compound micro- 
P 
Sy a pie decaying grass in the beaker with water. Boil the contents for 15 min. 
Examina Allow the solution to cool in uncovered vessels and the debris to settle. 
few Orga à drop of the liquid with high power (4 mm.) of the microscope. Very 
Microseg sms if any, will be found. Examine the solution again with a compound 
Phericay after 24, 48, 72, 96, 120, and 144 hr. Look for rod-shaped (bacillus), 
hene r (coccus), and spiral (spirillum) types. Most of these will be very small, 
to sixth airing careful lighting and focusing. The numbers found from the third 
the Scu day are usually vastly greater than the number found the first day. Note 
ld, Exam; Mation on the surface of the liquid after the culture is several days 


i ar 
ne it to see of what it is composed. 


392 SOURCES, PREPARATION, AND USES OF MATERIALS 


` i i ase in 
Sterile Potato Culture. Pure altures ar bapena may e eire bee js 
ay be observed indirectly, and colony a K P 
pru sá ere slices of potato from a day to a week oye pee used 
Materials. Slices of potato; petri dish or other container ye «ce tollen water 
and heated to a high temperature; autoclave or ordinary dou 
microscope slides; cover slips; microscope. . ing. Cover 
Place io potato slices in the petri dish with some water to eee Eod boiler 
the dish. Sterilize in the autoclave for 1⁄2 hr. at 15 Ib. pee dee aa ems 
is used, heat to a high temperature for 1 hr. or more. Al anore 
Uncover the plate and examine a bit of the potato under c dui ui HOO 
organisms. After 5 or 10 min. replace the cover and Y in iie 5 pigmented 
temperature. Examine at intervals of 24, 48, and 72 hr. Loo d ws under the high 
spots on the potato. Examine a bit of these spots ina drop E: "s ve evidentes 
power (4 mm.) of the microscope. You will find pedi t ee "his inference 
rapid reproduction has occurred. The class may be induced to 
without being told. j , ntaining 
T time Rid materials are available, have a student cough moa peo E 
a sterile piece of potato. Another student may persuade a hone h 2 powder pi 
moved, to walk across a sterile potato slice. A girl may wish to s ha. otis licen 
over a piece of bacteria-free potato. Others may streak a similar eo ina warm 
a fingernail or lead pencil. Carefully cover all plates and set them away f 
lace for a day or so and note the results. p hiefly by 
E Algae. Pobromm (Pleurococcus). Unicellular organisms gum during 
cell division. Protococcus, a simple green alga, is obtainable in Euer dh a micro- 
any time of year. It may be mounted in a drop of water and observe 
Scope. . 
Malida Protococcus from tree bark, stone, or water culture; microsco 
and cover glass; water; compound microscope. ocks, OF 
Proloco ciar ordinarily p be found on moist shaded tree trunks, on ther 
stone walls throughout the year. It appears as a green granular 2) Jayer án 
organisms may be mixed with it. Lightly scrape off a bit of the grec over glass 
transfer to a drop of water on the microscope slide. Cover with M Shel they 
and observe with the microscope. Note that the cells are spherica i 


À sei opposite 
occur singly. Occasionally cells are found showing slight open a ms Pahere, 
sides. This indicates that cell di k 


continuing to divide several ti 
some of these break loose fro 
be blown about as dust. If these fal 


pe slide 


mS. 
° . . organis! 
mples of reproduction in unicellular org tuted: 


t 
oeocapsa, a blue-green alga, may be d as 
om wet sandstone cliff surfaces. It yj a time 
h habitats. If such material is found 2 g 
it may be preserved. sop apon amor: 
a common tine of vegetative mültiplica aon e this 
means of a microscope and temporary ™ $ 
from actively growing cultures. ilable 
frant juice or dil pickles (if this is not avail don 
culture may be prepared from ordinary baker's yeast in a 5 per cent sug ide an 
which is allowed to stand overnight in a warm room); microscope tal 
cover glass; compound microscope, or spool, 

Place a drop of the liquid containing the kraut juice, pickle scum, wi hig 
culture on the microscope slide and cover with the cover slip. Examine sider?” 
power (4 mm.) of the microscope. The light may have to be reduced cO™ 


when it is not needed immediately, 
Fungi. Yeasts. Budding is 
various species of yeasts, By 
activity can be demonstrated 
Materials. Scum from saue 
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by means of the iris diaphragm beneath the microscope stage, since the yeast cells 
are transparent and may not be seen clearly with strong light. The mature yeast 
cell is oval in outline. When actively growing, a budlike outgrowth may be found 
near one end of some cells. The bud grows, the nucleus divides, and one nucleus 
Passes into the bud. The constriction deepens and finally separates the bud as a new 
p Sometimes these cells adhere, forming an irregular filament of several cells. 
Sventually all the cells separate. The diagrams in Fig. 22.2 show the above story 
In some detail. 
, Bread Mold. Rhizopus, or Mucor, is a common mold often occurring on bread 
in the household. It grows rapidly and is easily cultured. 
Materials. Slice of bread; moist chamber made from any convenient utensil such 
asa tin can or fruit jar. 
acre the piece of bread across a table top. Slightly moisten and lay it away ina 
ae container for 2 to 3 days. It is best to keep it in a dark warm place. A white 
ee eer is likely to result. Black dots will be visible scattered throughout the 
NS hese are sporangia containing many spores. A bit of the cottony material 
Bs in a drop of water under the microscope will show its general structure, 
"i a and sporangia. Better mounts will result if 20 to 50 per cent alcohol is used 
d mounting medium instead of water (see Fig. 22.2). Bread mold also has a 
Strains means of reproduction. However, this is not often found: Plus and minus 
cultu i necessary. When the two strains are placed together on bread or other 
and de media, gamete and zygote formation will result. Pure cultures of the plus 
s inus strains can be obtained from biological supply houses and often from 
char y departments in colleges. Such material is ideal for showing the essential 
acteristics of sexual reproduction (Fig. 22.2). 
Date et Mildews. The mildewing of clothing and leather goods stored in a damp 
d is known to nearly everyone. Home-canned fruits and jellies often show a 
often ri black mold growing on the surface. Oranges, apples, and other fruits are 
ound decaying from a bluish-green mold. 
meres A decaying orange or other fruit with a coat of bluish-green mold; an 
e good condition; a moist chamber. 
Patch hs knife, sharp point of a pencil, or other instrument, streak through the 
Bink ea mold on the decaying orange. Transfer this immediately to a good orange, 
iol ae to cut through the skin in a few places. Put the inoculated orange in a 
bluish. amber in the dark. Examine in a week or 10 days for mold. If a bit of the 
conidia, n material is mounted in water under a microscope, thousands of spores 
is not An Will be seen. Fragments of the mycelium also will be found. If the growth 
igure 95 old, chains of spores may be observed on branched stalks ( conidiophores). 
ack mn, :2 shows the characteristics of the bluish-green mold (Penicillium) and the 
Water: (Aspergillus). 
other a Mold (Saprolegnia). The water molds often attack fish, tadpoles, and 
aquaria ES animals, They may become a serious menace in fish hatcheries and 
ule; aC sea is carried on chiefly by swimming spores. 
illa tals. A few dead bees, houseflies, grasshoppers, or other insects; pond water. 
Keep th gallon container with pond water. In this place half a dozen dead insects. 
o rapid culture at room temperature or a little lower. If bacterial action becomes 
Water ma? indicated by cloudiness of the solution, change the water (tap or well 
Appear o y be used for the change). After 5 to 7 days a cottony growth is likely to 
tions [un the dead insects. If the growth is good, hyphae will radiate in all direc- 
Scope pus the dead body. If a mass of this material is examined with the micro- 
Owever E. spores may be found. All swimming objects present are not spores, 
e found ome may be animal forms. The mold spores are oval in shape and may 
escaping from some of the mold hyphae (branches). Hyphae bearing 
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dv 
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Fic. 22.2 Asexual reproduction in Pro reproduc 


tion in yeast G to K; asexual L and sexual repr ion i izopus) ^5, 

iri: oducti ld (RhizoP 0 
asexual reproduction in the downy milden, E e A spore } 
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Spores are somewhat club shaped, and the cytoplasm appears denser than in other 
Parts. The sporangia (spore-bearing cells) are terminal. Various stages of the spore 
development may be observed. In early stages the sporangia appear dense and no 
divisions of the protoplasm are observable. Later, definite rounded bodies appear. 
"hen mature these rounded bodies (swimming spores) will begin to move about 
Within the sporangium. Finally the sporangium breaks open at the tip and the 
Swimming spores swarm out into the surrounding water. These motile spores are 
attracted by minute amounts of dissolved protein material from the dead insects. 
They swim in its direction and eventually cause a new infection. The diagrams of 
ah 22.2 give some idea of stages of development. Both sexual and asexual repro- 
uction are illustrated. 
A Seed Plants. Modified Stems. In numerous instances stems are modified in such 
si Way that they serve as a means of vegetative reproduction. This is of great 
ee in many plants since such multiplication is the chief method of repro- 
E. ion. The common white (Irish) potato, gladioli, tulips, irises, and strawberries 
mm examples. Modified or specialized stems include tubers, corms, bulbs, 
: T (underground stems), and runners (stolons). Such materials usually can 
hà tained by the teacher or students without cost. A collection of such examples 
y be used as a project for an individual or group. 
y arial. Potato tubers; cinnamon vine (air potato) tubers; Jerusalem artichoke 
di pon wild plant, sometimes cultivated) tubers; corms of gladiolus, jack-in- 
robin) Pit, spring beauty, squirrel corn, or Dutchman’s-breeches, Trillium (wake- 
thizon! elephant ear plant (Colocasia); bulbs of tulip, onion, hyacinth, lily; 
A €s from yarrow, Kentucky bluegrass, iris; runners from strawberry, cinquefoil. 
5 Po" the collection and note the differences between tubers, corms, bulbs, 
evelo es, and stolons. If a suitable place is available they may be planted and 
inet watched. A few of these are illustrated in Fig. 22.3. 
t ng. All the better varieties of apples, pears, peaches, plums do not breed true 
reprod Parent stock if propagated from seeds. However, the parent stock can be 
Erow a by means of grafting and budding. The principle is to transplant and 
Variet m or twigs of a desirable variety on the roots or stems of a less desirable 
ayers of he chief essential of success in grafting depends upon getting the cambium 
gs the bud or stem to be grafted (cion) in contact with the cambium 
dartan, or root (the stock) on which it is to grow. 
Severa] S Stems (about 1 in. in diameter and 1 ft. long) of apple or pear; 
Stems Did (3 to 4 in. long) with well-developed buds; cherry, plum, or peach 
develo a Y in. in diameter and 8 to 10 in. long); twigs of the same with well- 
Wax 1 a buds; growing tomato and potato plants; rubber bands; raffia; grafting 
Cleft paraffin; sharp knife. : . : 
lagram grafting, budding, and in-arching will be described in some detail. The 
Select Pn Will illustrate other methods. For cleft grafting (Fig. 2244, B, C, D) 
Nife split of the large pieces of apple or pear stems as the stock. With the sharp 
ions, © !t One end as indicated in the diagram. Select two twigs with buds as the 
that 2 Ut the stems into a wedge shape and insert in the split cleft of the stock so 
raffia (sg bium layers of the stock and cion are in contact. With rubber bands or 
cions in ie string will do) wrap tightly the cleft end of the stock to hold the 
Wax or Place; cover the whole cut end including the cleft ‘portion with grafting 
Toi araffin to prevent drying out. The graft is then finished. If this can be 
wet tallow ye is made of 4 parts (by weight) rosin, 2 parts beeswax, and 1 part 
ter, When =S whole mixture is melted by heating. Pour the melted mass into cold 
n cool enough to handle it should be kneaded and pulled, as taffy is, or 


Until; 

i 

5 ECO: a a : 

Yering all mes a creamy-brown color. To apply to a graft, press it into crevices, 
cut surface, 
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done on a living tree and the growth watched, it makes a much finer demonstration. 
The details for the budding methods are shown in Fig. 22.4E, F, G, H, I. 

An in-arch graft may be made between a potato and tomato plant. Start the two 
in separate flower pots or together in a large pot. When the stems are 8 to 10 in. 
high, bring the stems together as shown in the diagram. Slice off enough tissue to 
expose a few vascular bundles of each stem at the point of contact. Carefully tic 
the stems together. Cover the wounded region with paraffin or grafting wax. Allow 
growth to continue for 3 to 4 weeks, by which time union between the two stems is 
likely to have occurred. If so, the tomato stem between the graft union and the 
root may be severed. The upper part of the potato stem, above the union, may be 
removed. The tomato stem is now growing on the potato and gets its water an 
minerals through the potato roots. The lower part of the potato stem and its roots 


,"Vestigial 
leaf scar 
(eye brow) 


KE 


Fic. 22.5 A, potato tuber; B, oi 


ro 
i š ETAN tive eP 
duction in Kentucky bluegrass, nion bulb; C, corm of Gladiolus; D, veget 
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Grafting wax «--- 
! 


es 22.4 Types of grafting A to D; types of budding E to J; J, an inarched graft 
tween a tomato and a potato. 


iw food from the tomato leaves. It is quite possible to produce tomato fruits 
di the tomato part of the plant and potato tubers in the soil The in-arch 

“grams of Fig, 22.47 illustrate this type of graft. 
pro fem, Leaf, and Root Cuttings. Many horticultural and wild plant species may be 
Se papeted from cuttings made from stems, roots, or leaves. Such propagation is of 
m economic importance in time saved over that required for seedling develop- 
ent, enables the grower to propagate varieties which do not breed true from seed 
p pada); and makes possible the propagation of seedless mutants. With a little 
Work we the teacher can obtain sufficient demonstration material by assigning the 
for Pm a project for a group of students. A window box enclosed with glass is ideal 
Ox. ìs, If time, space, or material is not available for constructing this window 
edm Wooden box with sand, covered with a pane of glass, will serve. Also, in many 
Dn e à container for water (fruit jar) is sufficient. Suggestions as to plant 
to in. to use are given below. Others, especially of local interest, likely will occur 
€ Instructor, Many of the plants propagated may be used in other experiments. 
(Chry i Stems of geranium, coleus, Tradescantia (wandering Jew), Epiphyllum 
ivy) Stmas cactus), Opuntia (prickly-pear cactus), fuchsia, German ivy (parlor 
> “nglish ivy, Iresine (bloodleaf), lantana, oleander, poinsettia, willow, grape, 
` Moots of sweet potato, horse-radish, Paeonia, Dicentra (bleeding heart), black- 
RT dewberry, sumac, sassafras, wistaria, Yucca (Spanish. bayonet). Leaves of 
Peri Son. Bryophyllum (chandelier plant), Kalanchoe (air plant), English ivy, 
weinber a? rose, lemon, red clover, lilac, cabbage, Hoya (wax plant), Echeveria 
erm, 783 (ghost plant), Sansevieria, sweet potato. (Geranium, coleus, Tradescantia, 
and oe Ivy, English ivy, Iresine, fuchsia, lantana, oleander, poinsettia, Rex begonia, 
lum ?"SeUieria may be obtained from the florist. Epiphyllum, Opuntia, Bryophyl- 
i alanchoe, Peperomia, Hoya, and Echeveria can often be obtained from 


0; * 
T other dealers in succulents.) 
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The stems of geranium, coleus, Tradescantia, German ivy, English ivy, and 
willow may be rooted in a container of water or in moist sand. Cuttings should not 
be over 2 to 4 in. long and should contain some of the more mature stem. The other 
stems mentioned root better in moist sand. If a damping-off fungus gets started it is 
well to replace the sand and to wet the new sand with a solution of potassium per- 
manganate (2 per cent solution in water). A temperature of about 65 to 70 F. is 
favorable for most cuttings. The fleshy roots of sweet potato may be sprouted by 
setting one end of the potato in a tumbler of water or burying in moist sand. is 
4 to 6 weeks may be required for stem development. Moist sand is better for the 
other roots mentioned. The begonia leaves mentioned should have the thinner edges 
of the leaf removed and cuts made through the larger veins. Where the veins 2 
cut a new plant may arise. The leaf is laid flat on moist sand. The leaves © 
Bryophyllum, Hoya, Kalanchoe, and Echeveria are to be laid on the surface of ke 
sand. The leaves of the English ivy, Peperomia, rose, lemon, red clover, lilac, ca : 
bage, and sweet potato should have the petioles buried in the sand. Sansevieria leave 


(ME | . 1 d 
are cut across the short axis into pieces 3 to 4 in. long. One end should be embedde 
in the sand. 


ASEXUAL REPRODUCTION IN ANIMALS 


Protozoa. Simple Division. While asexual reproduction occurs in numerous ford 
of animals, material from metazoa for illustration is not easy to obtain or to main- 
tain. Microorganisms, however, furnish an abundance of evidence. If the class pos 
Pares several hay infusions and examines them at intervals, there is every PTO à 
ability that several (sometimes numerous) instances of cell division may be e 
covered and used as examples of asexual reproduction. This is the direct mies 
A second method is to prepare several bottles of culture media and to transp? 


. i E 
one protozoan into each bottle and observe the increase in population from a 
day. This is the indirect method. 


Materials. Dead vegetable remains from fe 
and stems are usually best) 


or well; small bottles or 
can be drawn into a micropipette; cotton. 


" to 
den students collect the grass, leaves, and other dead vegetation and Mn RU 
class. Place enough of this material in each of several jars to about half fill the 


à nicro- 
the jars. These are the stock cultures of ? 


: eaves 
nce rows, gutters, ditches (grass lea 


À k tap 
; battery jars or quart and Y-gal. jars; water from V 
mayonnaise jars or test tubes; piece of glass tubing W 


pre 
tions 


00! 
x e 
of 


: É ium from a mixed culture. This may ow 
complished, however, in the following manner, Place a clean slide under "i 
power of the microscope and upon it place with the micropipette a few very 
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drops of culture medium. Examination will disclose one or more droplets with a 
single paramecium in it. Clean the micropipette (Fig. 22.6) by dipping it into very 
hot water and then into cold water. The capillary point of the micropipette should 
be touched to a drop containing a single paramecium. Capillary attraction will draw 
the water and animal into the pipette. Examine under the microscope to be sure 
one is in the pipette. Transfer the organism to a tube or glass of culture medium by 
blowing it out of the pipette. Treat each tube in this manner except one. Save this 
one as a check. Set these inoculated tubes of medium aside for a period of 10 days. 
During this time have them examined at l- or 2-day intervals until a culture of 
Paramecia appears. This will be a pure culture descended from one ancestor. 
Students will enjoy making these cultures. Several of them must be started as some 
may not materialize if the transplanted paramecium is injured or killed by handling. 

More than one paramecium might be transplanted if desired.) It is possible to find 
dividing individuals, but if they are not seen it is obvious that asexual reproduction 
took place in the early stages of development of the culture since one paramecium 
Was used to start it. The foregoing makes a good group problem for a few 
Students, 


c a) 


» 
y ~~ Wing-top burner 
Micropipette 1 
y Break, \ 
got 
Fic, 29.5 Paramecium repro- Fic. 22.6 Steps in the making of a micropipette. 


ducing by fission, 


Hydra. Budding. The fresh-water coelenterate hydra cannot always be obtained 
Out of doors, and it is difficult to rear. If it can be had or purchased at the desired 
time, it may be used to illustrate a form of asexual reproduction called “budding.” 

aterials, Hydra in large jars or pans; elodea or some aquatic plants other than 
agac; daphnia (water fleas). 

f placed in water (about 10 hydra per 2 qt. of water) and fed an abundance of 
Ta Organisms such as daphnia, the hydra will soon begin to reproduce by budding. 
? is is well worth doing if material can be obtained without too much trouble or 

“pense. The hydra, of course, can also be used in other ways. ; 

thro Seneration in Animals. Planaria. Under certain conditions some animals go 
b rough a process of bodily division so that half or some major portion of their 
JOdies is cut off from the rest, This excised part may regenerate the structures which 
hiis and become a new individual, which amounts to reproduction. In a few 
all 


Ma may be accomplished artificially by cutting an animal into parts M 
chan, rg it to regenerate lost parts. Planaria regenerate slowly. The n m 
the Won frequently to prevent bacteria and fungi developing to the point o! g 
si Material See Chap. 12 for collecting and rearing. E CS 


als. Planaria; safety-razor blade or sharp knife; 
Saucers, 


; . ide- 
moy p roughly Wet a sheet of paper and spread it upon à table. With a wide 


Worm iut Pipette transfer a worm to the paper. With pun iced m e the 
: LEES "Mar 
transfe «7 WO or more parts as illustrated in Fig. = pun ee cae 


T th 
Set thes, € parts of the animal to them so that S P Mill see daily attends 
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The process of regeneration will be slow, but it is usually a revelation to students 
to see how the pieces of these worms continue to live. Worms cut as A, B, C re- 
generate best. Those cut as D may sur- 
vive, but are likely to curl up in such a 


manner as to make observation difficult. 

A hand lens or low-power microscope 1$ 

desirable but not necessary for this ex- 

periment. It also is a. good individual 
8 C 


problem for a student. 

Earthworms. Earthworms may be had 
at all times of year. They can be found 
in cold weather in or under manure 
piles, under piles of straw, or thcy may 
be collected and kept as described in 

D Chap. 12. Their regenerating power !5 
Fic. 22.7 Planaria cut for regeneration. well known. 

Materials. Several earthworms in good 
condition; razor blade or sharp knife; several small boxes or cans half filled with 
loose moist (not wet) soil. 

Place a worm on a board or table. Cut it in two about two-thirds of the distance 
from the anterior to the posterior end. Cut another worm into halves approximately. 
Cut a third worm about the clitellum, the place where there seems to be a smooth 
band around its body (sec Fig. 22.8). Examine the cut ends of the worms and 
notice the constrictions as if a string 
were tied about it, which prevents it i ! 
from bleeding to death. Place the COE: p f E 
anterior ends in one container of aw 3 
soil and the posterior ends in an- A i d 
other and label. Set aside and ex- ‘Clitellum 
amine daily for several weeks, All Fic. 22.8 Points of cutting an earthworm €** 
Parts do not regenerate. The ante- periment in regeneration 
rior ends seem best able to do this. l i 

4 Additional Illustrations. It is not at all uncommon to find several starfish in d 
poele group of specimens which have one or more arms regenerating. These shonli 
e IO ages rosis toe, Among crawfish it is also common to E du 
Some small ssl realan, heit of a walking legs and nes started, t9 Eora ; 
Maine Te boot ale d their tails if seized by the tail. A new tail is regere ing 
Mu e: pi F ; uring observation, or several preserved specimens 

ges of development could be kept for demonstration. 


Ay cem] 


ER 


SEXUAL REPRODUCTION IN PLANTS 


Algae. Spirogyra or Zygnema. 
regions in April and May where ther. 
for demonstrating the fundamental 


Spirogyra is a green alga common im ! 
€ are ponds, pools, and small streams. It is | 


d T s of sexual reproduction. If good ma j 
obtained a single mount under the microscope will show all a of conjugatios 
(union of cell walls) and gamete and zygote formation. When good materia 
found it may be preserved and kept until needed. 


M nue Lo pean DU Spirogyra in the sexual reproductive phase; 
Vath for ceps or needle place a very small mass of filaments in a drop of water 

(preservative, if preserved material is used) and examine under the medium P 

high powers of the microscope. Look for filaments which have become af" i 


micro" 
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Parallel with each other. Connections may be seen between two filaments, the 
walls of opposite cells having conjugated, forming a tubelike connection. If several 
Such connections have been made, a ladderlike arrangement is presented. The 
cell contents round up, forming gametes. One gamete passes through the conju- 
gation tube and fuses with the other, forming a zygote in the original cell. This 
zygote will eventually germinate and pro- 
duce a new Spirogyra filament. Various 
oe of development are shown in Fig. 

Mosses. Nearly 13,000 species of mosses 
have been described. These are distributed 
in nearly all habitats except in marine 
Waters. They are of particular interest be- 
Cause all of them have a definite alterna- 
tion of generations. In any region there 
are forms which are available for class 
study, 

Materials. Male gametophytes; female 
Sametophytes with archegonia; female ga- 
Metophytes with sporophytes attached; 
Siig microscope; forceps (tweez- 

3 two di i ; mi ope D 
TE at Acci needles; microscop: USC -— Male gamete 

, € male gametophytes of Polytrichum 
(Pigeon wheat moss). Catharinea, Mnium 
dd a cup-shaped tip which distinguishes 

em from the female plants. Place one of 
3 cse antheridial cups in a drop of water 

n a slide. Insert a dissecting needle into 
cup and with a stirring motion dissect 
or the antheridia. These are club shaped 
sper anana shaped. They contain the 
less ms, The female plants are more or 
d Pointed at the tip. The scales overlap 
Ap Cover the archegonia. The archegonia 
ADI difficult to dissect out than the 
cridia, but with a little patience it can 
iie To do this, cut off a tip, tear 
in xf * scales, and finely dissect the tip 
develop, of water. The fertilized egg cell 
still Ps inside the archegonium which is 
attached to the female gametophyte. ur 1 
tai h Mature sporophyte also remains at- Fic. 22.9 Conjugation, gamete an 
pm ied to the female plant. If the spor- zygote formation in Spirogyra. 
irum 18 crushed in a drop of water, — ME branched) Bla: 
menz, Pores will be found. The spores germinate, developing into a branched, 
cn OUS green structure known as a “protonema. Tf the protonema is matre 
The 5h green buds will be found on it which develop into the mature pon ytes. 
wa , Protonema often will form green felts on moist soil, logs, or rax i I m 
sh T May be prepared. Characteristics of various parts of the moss life cycle are 

Ravin Fig. 22.10, 

E The fern life cycle is of particula 
Se of the clear-cut case of alternation 


chloroplast in 
mole gamete 


r interest to botany and biology teachers 
of generations which it illustrates. With 
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a little effort upon the part of the teacher, living material may be had during any 
time of the year. 

Materials. Fern prothallia culture (see method for preparing in Chap. 12); living 
fern plant such as Polypodium, Aspidium (sword or shield fern), Polystichum 
(Christmas fern), all of which are evergreen and may be obtained in fair condition 
even in midwinter, or they may be grown in a window box. Greenhouse ferns such 
as Pteris longifolia, Pteris cretica, and the holly fern (Cyrtomium) are ideal for 
growing in the laboratory. The common Boston fern and its varieties should not be 
selected since they are sterile in practically all varieties. If living material is not 
available, dried material may be substituted. A microscope, slides, cover slips, 
water, and a penknife will be needed. 


v gametophyte, 


cg 


-^-Female 
gametophyte 


Fic. 22.10 Sexual life cycle of a moss. 


Select fern leaves which 
bordering the leaflet edges on 
contain sporangia (spore cases) 


H 35. jon 
e canals in the archegonial necks and fertilizal 
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occurs. The fertilized egg develops into the young sporophyte which will be found 
developing abundantly in the older cultures. These soon can be detected without 
aid of the microscope. The diagrams of Fig. 22.11 illustrate the complete life cycle. 
This shows the striking fact that the gametophyte and sporophyte may live entirely 
independent of each other. Both of these are definitely fern plants; yet the sporo- 
Phyte is usually regarded as “the fern plant.” Most people have never seen the 
Sametophytes, which are fern plants just as much as are the sporophytes. 

Seed Plants. Seed development is not only of importance in the multiplication 
and distribution of plants in nature, but also in the propagation of many cultivated 
plants. Such reproductive structures, with their rich stores of carbohydrates, fats, 
and proteins, become one of man’s most valuable food sources. Some understanding 
as fundamentals of such development is essential in the education of any indi- 

1dual. 


Germinating spore 


z~- Young 
gametophyte 


Mature 
gametophyte 


(cluster of 
sporangia) 


S 


7 
Antheridium 


i 


Young sporophyte 
attached to 


Ce ig 
4 À _-Embryo 
* Du X ani sporophyte 


Fic. 22.11 Sexual life cycle of a fern. 
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Materials. A microscope; slides and cover glasses may be used, but are not abso- 
lutely necessary. Simple flowers of some sort which happen to be in season. Ae 

Tn winter, forsythia, Japanese quince, pear, or peach may be forced by ae 
the stems into a warm room and placing the cut ends in water for 3 or 4 e 
before needed. Much better results will be obtained if the stems have been kl 
to freezing temperatures before attempting to force them, The Duc Van Thal tu p. 
one of the earliest tulips, will force readily after a low-temperature treatment E 
4 to 6 weeks. For this treatment, plant the bulbs in sand at a depth of about 6 z 
and expose to winter temperatures. After this treatment they are brought into, 
warm room and will bloom about 1 month later. This tulip makes ideal materia 
for such study. The breaking of dormancy and forcing development out of prc 
may be capitalized upon by the teacher. Numerous examples for projects will - 
discoveted in the newer horticultural books and publications. The Boyce-Thompson 
Institute for Botanical Research, Yonkers, N.Y., has carried out many such invest! 
gations. Lists of their publications may be obtained by writing. Flowers of lily, rdi 
tulip, spring beauty, apple, cherry, pear, wake-robin (Trillium), black mustard, 
make good material when in season. hips 

Familiarity with parts of a flower is essential in the understanding of what T 
pens in the development of fruits and seeds. The diagram in Fig. 22.12 illustra 


(p 


Sepal-—~~ a 

Ovule ----- \ “Anther\ Stomen 
"d Filament 

Ovulary-— 


~~~ Receptacle 
-- Peduncle : 
Fie. 22.12 Parts of a generalized flower showing pollen tube growing down the sty! 


the major Structures, T. 
complex forms, one or 
contribute to the make. 


n the simpler types, ovularies mature into fruits. In em 
more ovularies with parts of the calyx and receptacle ™ 
"up of the fruit. Ovules mature, becoming the seeds. 
Crush an anther and look for the powdery pollen grains. If a microscop 
available, pollen grains of severa] plants may be observed for their form, color, 
size. In some species these pollen grains may be caused to germinate and proc a 
pollen tubes (see Chap. 14). These may be examined with the aid of the ee 
scope. The sperms probably will not be visible. Lily, amaryllus, and petunia po 


i i ing i j to 
Pire will germinate by placing it on water or a 2 per cent sugar solution for 2 
r. 


e is 
an 


lant; 
PET 
ithin 


i i 
or tap water on a microscope slide W 


Sultana or touch-me-not (7 mpatiens sultanii), a common ornamental p! 


usually remains in bloom almost continuously throughout the year. The pollen 
usually germinate in a drop of distilled i 


w ming 
can be watched. Withi asmic strea 
can be seen. in the tube, protopl 


r Pil 
Ovularies may be cut or broken open and the tiny ovules observed. A simpl 
magnifier or the low-power objective of the microscope will aid in this observat 


If living plants are available, pollination (transf s to 
i s er of pollen from the anthers t^. 1) 
stigma) may be demonstrated as carried on by deis wind, gravity, or artificial y 


REPRODUCTION 405 


by man. Stamens may be removed carefully from an unopened flower, the flower 
covered with a paper sack to prevent cross pollination, and the results noted. In such 
experiments the pistil usually abscises within a few days. This sometimes happens 
In nature. In some species the ovulary matures into a fruit without pollination and 
fertilization occurring. Seeds are not found in such fruits. The banana, navel 
orange, pineapple, and seedless grapes are examples. Such parthenocarpic fruits 
may be produced for class use by preventing cross-pollination in the common sun- 
flower. This plant is self-sterile. An inflorescence which is about ready to open is 
Covered with a paper sack, tied, and left for 2 or 3 weeks. When the head of the 
sunflower fruits (the so-called seeds) are mature they will be found hollow except 
for a remnant of the aborted ovule. A good sunflower fruit may be dissected to’ 
demonstrate the difference. 

Seed Types, Generally, seeds may be classed into one of three groups. Such a 
classification emphasizes the importance of knowing the origin and what becomes 
of the various parts of a seed. Especially for the laboratory with limited equipment 
and supplies, such study is worth considering since a minimum of apparatus and 
Material is all that is required. 

„Materials, Dry and soaked grains of corn, beans, and castor beans; a penknife; 

Issecting needle. 

e corn grain is a fruit, but it is made up of structures belonging to a seed, 
except for the thin outer coat. A median longitudinal cut is made through the grain 
at right angles to the broad surface. The corn grain illustrates a seed rather typical 
b monocotyledonous plants, that is, a single cotyledon and an accompanying 
endosperm. 

Any bean such as the kidney bean, those used as green snap beans, or Lima beans 
May be used to demonstrate a second seed type. Note the oval scar where it was 
s tached to the ovulary wall (pod). At one end of the scar note a small, pinhole- 

7€ Opening, the micropyle. Through this the pollen tube entered the young ovule. 

arefully remove the leathery coat and observe the parts. This seed is typical of a 
op of dicotyledonous seeds which have no endosperm when mature. Food is 
à im chiefly in the cotyledons. Castor-bean seeds may be obtained at sced stores 
fe rom persons who grow the plants as ornamentals. Although castor oil is extracted 

Rath the seeds, certain parts contain a poison which will cause illness and even 
Surfa if eaten. Note a wartlike knot (caruncle) at one end. On the more flattened 
to or and just under this structure is located the hilum (point of attachment 
Wii ovulary), Note the hard, brittle seed coat (testa). Remove the seed m 
Parallel knife make a median shallow cut about the remaining seed part ue P Ss 
the a Mdi the flat surface, If properly done the body will fall aat ee 
Ves videdons, plumule, and hypocotyl. This seed characterizes a dicoty 


Seed. (5h has two cotyledons and an endosperm in the mature seed. ant 
fo dem €rmination. The germination of some common seeds enables t "d 5 
Teview, Onstrate the fate of each part of the sced. Also an opportunity LE Um ks 

uri and apply a number of physiological processes which have been dealt wi 
(S the course, 


ateri, ? 
» Or als, Grains of corn, seeds of castor bean, 
Peat, 


lust and beans; box with sand, saw- 
2 or 3 days. When seedlings 


ant : 
fr Some f : t f 
Om of the grains and seeds at intervals o d Jem old if kept otani 


Warm) © first planting are 3 to 4 in. high (about 1 
J; Wash the soil from all seedlings. Soak some seeds of each seed type for 


The T to add to these ; d dry seeds may be compared. 
eries of seedlings. Soaked and dry diese 
Water ellen condition of the soaked eed is apparent and was caused E Beer 
` “Welling of the seeds usually results in rupturing the seed coats, Stored foo 
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i ar 
i d of corn and castor bean and the cotyledons of beans I 
in the endosperm d seedlings enlarge. This food is digested an : 
MEL pecho emigas and se : f erminating corn. This extrac 
i idized. An enzyme extract may be made from g i is available, 
E Rs d in digesting starch paste in a test tube. If a microscope P RUE 
Sardis um may be scraped from the endosperm of a germinating wd ens s 
ea to those from a freshly soaked seed. Moiint the. a p germinating 
a slide and cover with a cover glass. Examine tie fores the (hly soaked seeds 
material for corroded appearance. Those starch grains ee t a sie ave UB 
are regular in outline. The corroded surfaces indicate cok pak e before 
process of digestion. Moisture and temperature of about $ . are 
enzymes (digestive substances) become satisfactorily A even when they 
Seed Dormancy. Numerous seeds will DS. Bernau This is of considerable 
have available moisture and a sufficiently high temperature. f dormancy may be 
concern to the horticulturist and other agriculturists. Causes o 
divided into two groups—external and internal causes. Nelumbo) fruits (so- 
Materials. 'Two sheets of sandpaper; file; water; i (Na sweet clover seeds 
called seeds); canna seeds; honey locust seeds; seem d d terns or cans. 
(unscarified, preferably hand-picked); beans; wide-mout e il sawdust or peat. 
Place six beans in each of two containers filled with sand, ^s imerator or out O 
Moisten each with an equal quantity of water. Place one in a e ibat both remain 
doors in winter weather. Keep the other at room temperature, See os the effect of 
moist. The one at low temperature does not germinate. This illustra other similar 
one external factor of the environment upon seed germination. n ape warm situa- 
sets of seeds, moisten one set and keep the other dry. Keep bot Y: é oisture as an 
tion. Germination does not occur among the dry ones. The lack o! e bottom © 
external factor of the environment often operates in nature, Seeds ae supply 
a pond or buried deep in the soil are in a situation which lacks an a 
of oxygen. A lack of oxygen can prevent seed germination. ination for à 
To demonstrate an internal factor which may prevent seed germi hand-picke 
long time, use unscarified sweet clover or red clover seeds (use “The coats 
seeds rather than threshed ones), lotus fruits, canna seeds, honey ae, in some 
of such seeds and fruits are impermeable to water unless broken or trea arified by 
way. If the sweet clover or red clover seeds are used, the seeds may be bein whic 
gently rubbing them between two sheets of sandpaper. Plant a similar es, If the 
has been unscarified and compare germination results with the treated puce an 
lotus, canna, or honey locust seeds are used, file a notch in the coats 0 Ex 
place in water with some which were not filed. Compare germination re: ate those 
Split open several cocklebur fruits. Carefully remove the seeds. Separ 


_ Keep 
with unbroken sced coats (a papery tissue) from those with broken eo coats 
all the seeds moist. Note that both swell but only those with the bro klebut 


germinate. It is known that these coats are impermeable to oxygen. Some ed coat 
seeds do not germinate the first year in nature because the membranelike se s 
are impermeable to oxygen. «fruit 
Fruit Types and Their Structure. From the botanical standpoint the eM The 
is applied correctly to numerous Structures not so considered by the laym rains of 
flattened so-called seed of the sunflower, beggars’ ticks, buckwheat grams E apples 
corn, oats, bean pods, a cucumber, and a pumpkin are as much fruits as ar e t 
or oranges. Botanically, a fruit is a ripened pistil or group of pistils with or clas 
accessory parts (peduncle, receptacle, parts of the calyx or involucre). iliat 
sification of a group of common fruits enables students to become more nt, SU 
with what happens to various parts of a flower in fruit and seed denm fruit 
a study has decided economic Application since these structures making 


are often of great value as sources of food. 
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P ataria A collection of fresh, dried, or preserved fruits of various kinds. It 
E e EH for the teacher to supply certain facts about the flower structure 
Dis dde aig since flowers and fruits are not often available at the same time. 
“ae Ñ igs. 22.13) of fruits and their parts are given as aids to the teacher, 
bond 24 a d capitalize on the more complicated fruits which are partly com- 
sical peduncle, involucral bracts, receptacle, and calyx, by pointing out the 
B ^e chemical effects of pollination and fertilization upon other parts 
E x E. the ovulary. Technically this is known as "ectogeny." The so-called 
ds the dandelion are technically fruits. Also they are of interest since the 
embryo develops from an unfertilized egg. This phenomenon is known as 
ae ebogenesiu" If time is available the teacher may construct a key to fruits 
Boe ocally and have the students trace a number through, determining the fruit 


DM Coriaceous 
carpel wall 


7-Succulent ---~~ | 
|. corpel wall _ 


~~~ Seed 77 


Sepol” 


" 


Achéne 
fruits~~ 


Fleshy tissue \ Ripened 
Stony tissue S ovulary 


-Seed 
E Plum 


Enlarged 
receptacle... 


Strawberry 


A single matured 
flower of osage 
orange showing 
the four fleshy 


sepals -Sepal 


flower of mulberry showing 
the four fleshy sepols 


Mulberry 


Pro, 
%22, ) 
Ea dd Types of fruit, A to J: A and B, a pome; C and D, an aggregate fruit; 


Pes P to I, multiple fruits, 
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-Receptacle 
X tissue 


^. 
A ~Carpel goosebeery 
Orange N Ovulary K 


-- Receptacle tissue (peel) 
-Ovulary wall 


~~ Style 


“sRemnants of aborted ovules 


woll 


Fic. 22.13 (cont.) J to M, berry fruit types. 


SEXUAL REPRODUCTION IN ANIMALS 


: 7 ivin£ 
The Snail. Most biology classrooms have some sort of aquarium or tank for E is 
piante T g oae. rs of the animals most commonly found in the aquae, 
the snail. It usually thrives well, multiplies rapi requi ttention * it 
no a J 

dom, however, is much use = P. pidly, and requires t 


de of it in classroom demonstrations, a? uy 
; a 
presents one of the nicest illustrations of s i ails Us" 
3 exual reproduction. Water sn ay 
lay their eggs upon the sides of produz p 


the aquari here 
be found by a little careful selecting: ek METQpO TUE DRM. w of 


Materials. Some water snails fro 
water and aquatic plants; hand le 


r ja 
m a pond, brook, or creek; aquarium, OF J 
ns, or microscope. 


rs 
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E snails in your school aquarium. If there is no aquarium, use fruit jars 
evaporates eed sand, and a few water plants. The water may be replaced as it 
ey have Z using tap water. "The snails will lay eggs in small groups or chains. 
maintained transparent jelly capsules and are not readily seen. If careful watch is 
i ionli ^ will be possible to remove newly laid eggs and keep them in a small 
ribs pos l with some of the aquarium water and a little of its vegetation. These 
and devel mined regularly with a good hand lens or microscope, and the fòrmation 
study e opment of the embryos may be followed. Their transparency makes the 
Ment so sy and instructive. If you find it desirable to slow down the rate of develop- 
p done to be able to watch it over a longer period of time, proceed as follows. 
Cotton o small Jars, pint fruit jars, or mayonnaise jars that may be plugged with 
T covered with cloth (do not use the screw cap). Set your egg cultures in 


an icebo : 
cold X or refrigerator where the temperature will be low but not freezing. The 


o] ; 
Very ic stent will retard the development of the eggs so that they will develop 
2 aH or will develop only when they are not in 
Fruit to see more stages in the embryology than he oth 
Out the it Fly. The production of gametes (eggs 
animal kingdom and can be shown among insec 


Tepr à 
Production, The life history of Drosophila, the common fruit fly or vinegar fly 
ch can be demonstrated by 


cold storage. Thus the student 

erwise could. . 
and sperms) is common through- 
ts as illustrations of sexual 


Will b, 


so « i 
stu ce sour gnat”), is one good example whi 
Or teacher with little difficulty. 


Longitudinal 
section 


-Style becomes a 

SP apicuous, hairy 
TUCTU, 

"T. re of the 


~~ Ovulary 


R 


E, 


G, 2 H 
[: 2.1 TT 
@peule l3 (cont) N to p, nut types; Q and R, achenes; S, samara; T, poppy 
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Materials. Half-pint milk bottles are ideal but any large-mouthed jar will do; 
cotton for plugging the bottle mouth or cheesecloth to tie over the opening; whole 
banana which is not overripe and which has not had the skin broken. See page 422 
for method of preparing culture medium as described by J. C. Cross. 1 

Boil the bottles or jars in water for 20 min. to sterilize. Do the same with 
the cheesecloth. Wash your hands and the outside of a whole banana. Peel part of 
the banana, being careful not to touch the peeled portion. Use a knife of which the 
blade has been sterilized with hot water or a flame, and cut small pieces from the 
banana. Place these in the bottles and plug with a wad of clean cotton or cover 
the opening with a double thickness of the sterile cheesecloth. The culture jars oF 
bottles are now ready for use. At any fruit store, market, or grocery, you can get the 
flies in warm weather by setting one such culture jar near the fruit stands or baskets 
and leaving it open. The small flies will enter and can be trapped. A few (6 to 10) 
may be removed and placed in another bottle by 
the method shown in Fig. 22.14. These flies will 
lay eggs on the banana, and in 1 to 4 days cate 
ful examination will show very small maggots !? 
the banana. A few days later these maggots W! 
crawl up the sides of the bottles and pupate 
The pupae appear as very small yellowish-brow? 
seed-shaped bodies. Within another week ther? 
will appear rather suddenly a very large number 
of adult flies in the culture jars, because of emea 
gence ‘from the pupae. The whole life cycle E 
completed in 12 to 16 days at temperatur 
around 75*F. The culture bottles are small d 
easily handled and will sometimes run m 
generations without changing if a little m as 
banana is added at times. The flies do ques E 
well in winter as in summer if kept in à Ww to 
7 room. All the stages from tiny white egg 

1G, 22.14 Method of . adult may be seen. e 
ring flies from one Muta The Wax Moth. Another insect that can i 
another. reared easily at any time of year and tages 
mreulatrer aid: ext need little care is the wax moth. 5 only 
Ber and easier to see than the fruit fly, and its cycle is short. e 


i i : inquirin£ 
ae a start for stock, and this can be accomplished by inqui 


Materials. Beeswax (not purified) or, 


better, some old honeycomb fro 


wax 
px cod e et or extracted; a few 2-qt. jars or small cages; some 
any stage); cloth to cover the 3 
Place some of th mouth of the jar. arvae 


€ wax or comb in a jar or cage, ad er of adults, or) e 
: oth tied over the jar, and your ien een In a short tim’ a 
adults will begin laying eggs on the wax or jar. These are round shotlike struct e 
readily visible. The eggs will hatch into caterpillars (larvae) which feed up?’ of 
wax and its contents. When full grown the larvae spin small cocoons on the sides 
the jar and pupate. The adults emerge from the cocoons and lay eggs- y ime 
ga: is repeated. The addition of a little more wax may be necessary aD enc? 

he cultures need no other care, The spinning of the cocoons and the emet? cel 


can be watched, and the stages ari T 
e large enough to ily. This is # 
lent form and one of the easiest to rear. g berseen.canily 


The Meal Worm Beetle. 
insect for an illustration 


close with a cloth 


: pn 
A beetle life history is as instructive as that Por 


of sexual reproduction. The common me? 
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ae E well known, casy to rear, and may be kept throughout the year. It has 
get a ae ara is of sufficiently large size to be useful. 
Eun a x or three large (V4 to 2-gal.) jars, cans, or boxes; about 2 Ib. of 
Bite lare al or oatmeal will do); cheesecloth or muslin to cover the open end 
ined r can; small stock of meal worm beetles. 
ER ANE bran in one of the containers to fill it about one-fourth full. If the 
Em UN of beetles is all of one stage, for example, the adult stage, place 
ER 4 ran and cover with the cloth. The adults will lay eggs in the bran, and 
bise h atch into the larvae or *meal worm" stage. When these begin to appear 
erori ran in numbers, it is well to pick out the adults and place them in the 
Siowth e to start another culture. Allow the meal worms to continue their 
ved $t iem for pupae to appear in the bran. The pupae should also be 
iri f € larvae are numerous since the growing larvae feed upon the bran 
m 4 a oe the pupae and any eggs not yet hatched. If the adults are 
yield e tees er culture, their newly laid eggs will go unharmed. The pupae will 
merely to 2 ults and they may be placed in an entirely new culture. The plan is 
NUR dom E the feeding larvae away from the helpless egg and pupal stages. 
isnot a the students hunt out a number of eggs from the bran or meal. This 
siderabl A ut not too difficult. A good hand lens or reading glass will help con- 
canibe 4 "pes amounts of material should be examined at a time. These eggs 
very nell as a demonstration for the class and if placed in a small dish with a 
Test of th amount of fine meal or bran dust, their hatching may be observed. The 
t € development may be followed either by the class or by a group assigned 


O it, 


= nae Skipper. One of the simplest insocts to rear in a classroom or labora- 
metamor maat is both fascinating and instructive is the cheese skipper fly. Its 
à lic? osis is complete, all stages being easy to see and obtain from cultures. 
negligi cycle is short, about 15 to 20 days, and the amount of care needed is 
B'igible, 
H Andee Several quart or YA-gal. jars; cheesecloth to close them; a piece of 
convenient thee cham; a small stock of any stage of the fly. A small cage is more 
i ok an jars but not necessary. 
adults will oS or meat in a jar with the adults and close with cheesecloth. The 
* seen if eed upon the meat and lay eggs upon it. The eggs are large enough to 
Severa] ande look closely. They are oval whitish objects. It is advisable to use 
Search fo er slices of cheese or meat so that some of it can be removed easily to 
T eggs. The eggs will hatch in 24 to 48 hr. and the maggots (skippers) 


eed u 
Pon the meat or cheese until full grown, after which they pupate. The pupae 


are 
at "p brown and elongated, 3 to 5 mm. Adults will emerge after about 5 days 
d and the stages of the life 


history y. The whole reproductive process can be watche 
Amphiti, by preserving. 
Í our eg Frog, Toad, and Salamander. In early spring there appears in most 
€ am Sis Streams, and lakes another interesting illustration of reproduction. 
3ppear P ibia lay their eggs early, varying with the season and latitude. They 
attached , the surface or submerged in shallow water as masses of jelly-coated beads 
Will devel. Brass or reeds. They usually are fertilized at the time of laying. They 
Use at Hie Their development may be studied and stages preserved for 
mes. 


aterial, » 
lar ej S Collecting apparatus consisting 


Jars o 
en r tank; water plants; eggs of an am 


to 


of dipper and bucket, aquarium or 
b th phibian and the adults. 
‘eke © eggs have been located dip up some of the water into your collecting 


d a fe j dipper lift th 
» to w plants if they are abundant and then with your dipper lt t the 
ether with some of Seed Transfer them to the bucket carefully and 
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lower the dipper into the bucket until the egg mass floats free from the dipper. 
Then remove the dipper without disturbing the eggs. Do not transfer by pouring 
them into the bucket (see Fig. 22.15). 

If the eggs were laid recently they will not have developed far. They may be 
placed in the aquarium or other container. Use about 3 gal. of water (or more) 
for an egg mass the size of a large hen's egg. If 
slowly running water can be provided, the chances 
for success are greater. Do not bring eggs from a 
cold pond or brook and dash them suddenly into 
warm aquarium water. Let the collecting pail 
stand until the temperature of the water is that of 
the schoolroom before changing the eggs to the 
tank. Examine some of the eggs immediately with 
a lens, If development has begun, the eggs wil 
have changed to embryos of several cells (sce Fig. 
22.16). The development is rapid at higher tem- 
peratures but may be slowed down by placing E 
eggs out of doors if the weather is cool or et 
Fic, 22.15 Floating an amphi- Keeping them ina POEM er pats 
bian egg mass out of a dipper each stage in vials of formalin or sali 
into a bucket to avoid the churn- Whether the eggs are from frogs, cadi S ot 
ing effect of pouring. manders will be evident at hatching if you do s it 

know before. Such material is excellent since ? 
offers a chance to see development by cell division on a large scale. M 

Fish. Paradise Fish. Several kinds of fish reproduce in aquaria. The paradig 
fish which makes a bubble nest is very interesting if the temperature of t 
aquarium can be controlled at 80 to 85°F. The embryological development y 
be watched since both the eggs and embryos are so transparent that such things ? 
heart beat and circulation are easily seen. 


i £99 mass 


Fic. 22.16 Early cleavage stages in the development of a frog. 


Guppies. Guppies are reared easily 
reproduction. In spring the eggs of wil 
and garden fish pools. They should be 
eggs. 


santos 
and make a good example of vivipat? f 


d fish may be obtained from ponds, Y g 
collected and handled exactly as r¢ 


in the b ; TES 
a PX one under the light, Fill this pan with water. The other pa^ 
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Tie the box as shown in Fig. 22.17. If the incubator is placed in a room where 
the temperature is even and not likely to change, as in a basement room or closet, 
NUS be much easier to regulate. The panes of glass, or boards, covering the top 
Should be pushed close together and the thermometer hung between so that its bulb 
is near the egg pan. Turn on the light and keep a record of the temperature for 


Fr 5 
qe A simple homemade incubator for obtaining the early stages of the chick 


a hours. If it rises above 103°F. it may be corrected by opening the crack in 
fails = a little wider. If the temperature is very high use a weaker light bulb; if it 
ein = to 103°F. use a stronger bulb. It may take 2 days or more to regulate 
tics = ator. Be sure not to place the eggs in it until it reaches a constant tempera- 
ET * Keep the water pan filled. It serves as a humidifier and, more important, it 
‘PS regulate the temperature. Turn the eggs by rotating each egg 180° once or 


twice a day. Mark each egg with an X on one side so as to be able to tell when 


it 
has been turned. Such an incubator will successfully incubate embryos during 
e hatching 


ai t 5or6 days when they are of most interest for class use. Complet 
Ashore accomplished by careful watching. If the temperature drops 2 or 3° for 
The Ur it is not likely to be serious. 
excitin mbryo. The teacher will find the 
work E class project. The students will g 
Skad assembling the incubator. Be sure to ge 
at grocery stores. 
pa we an egg from the incubator a 
top * With a pair of fine-pointed scissors punc 
as shown in Fig. 22.18. Examine the em 


use of the living chick embryos a most 
ladly furnish the materials and do the 
t fertile eggs. Usually they cannot 


fter 4 days and place it upon a warm cloth 
ture the shell and then cut a hole on 
bryo with a good hand lens or low- 


Fig 
- 22.18 A method of opening an incubated egg to expose the embryo: A, inserting 


Scisso 
rs; 4 
; B, removing shell and membrane. ! 


LS 
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i . Its heart may 

ower microscope. A good light should be directed upon the e M 

be seen beating, and with a microscope the circulation ro y: T RT 
seen. The formation of the head structures are readily visible a 


i be had, * 
beginning of the wings and legs can be made out. A clearer view may 


ied into a small 
especially when a microscope is used, if the egg contes - LE den d upon a 
glass dish and the embryo carefully lifted away from the yo 
3 a i dish. vn 
ads Moe Rat, Guinea odios. ox Big. daran s AH 
sexual reproduction have been explained and demonstrated d ricos fall short 
plants and animals in the earlier parts of this chapter. It wi i us S (aes d 
of completeness unless the mammals are included. hg " seduction, IEAn 
mammals and we are most interested in our own type o wee keen interest, 
subject is treated frankly but pay, inta never fail to s 
i isi ishness. . t 
B Mar set pri of some small pen es such as the white rat, 
inea pig, or rabbit; dissectin: scissors; small jars of formalin. , - disclose 
mini among your students, especially outside of class, will Big we rabbits. 
the fact that one of them has a colony of pet mice, rats, em P Ea lain your 
If not, they are almost certain to have a friend or relative w ud when n to pay 
need of having a pregnant female for class use. It may be Dun AE may be pur- 
something for the specimen, but this amount will be small. a ney z commercial 
chased from supply houses or from colleges and acai A 
laboratories, By all means get it from a source within your P together witli 
Open the pregnant female ventrally to expose the uterus. i 5 2 While fresh, 
the killing, might be assigned to two dependable and intereste d expose one 
display the uterus and its blood vessels to the class. Slit the uterus ay be remove 
of the embryos, being careful not to rupture its membranes. pic ghe d and its 
later and the embryo exposed. Make clear such facts as the umbilica Sina chic 
connection with the wall of the uterus. Compare this with the vessels se 
embryo. Point out the ova: and oviduct. z ly a 
Aica slaughterhouse,” or packing company, can, and usually aoe pd 
quantity of embryos often with membranes unbroken of such food anim ersonally 
is makes excellent material for class study. Visit the packing house p 


ria. 
: x i nd mate 
and explain your needs, Do not send a student or write a note. If time a 

are available, the male an 


with the urethra. Slit op 
continue to dissect, follo 


: i : ion) and 
this tube a short distance from the testis (usually an enlarged ponen). za 
5 in a mature male. If an adult met under 


planning than most topics. ncludé 
Man. The study of reproduction of [5 which 
+ nes 


i 
rganisms in schools should always 
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the pro "S 

o rei enn na cco 
el 
m EO PST kaman reproduction is preceded by the study of reproduction 
a set of terminolo me s, the students and teacher will have used and accepted 
easy to continue ogy w ich can be used without further definition, and this makes it 
lower animalik T reproduction in man by showing the similarities to plants and 
I Tin oh Hy procedure also removes the feelings of prudery which may 
Subject. Alw sees by some students and permits a normal healthy approach to the 
down the ee T openly and unhesitatingly yourself, and this will soon break 
as you have tresi TI which may exist. Treat the subject as calmly and frankly 
Students will be a 2 eir study of digestion, respiration, or any other topic, and the 
a knowledge e: glad to respond accordingly. If there is anything really sinful about 
sex outside the m of sex it is this barrier of prudishness which tends to place 
and unclean qb ofa natural physiological function and to keep it secretive 
Puberty while ihe ki when this is most successfully taught is in the first stages of 
* has acquired c poe is thoroughly aroused in his curiosity about sex and before 
the Subject, a degree of sophistication concerning his supposed knowledge of 
e Ese 

cells, D sai ong in man can be illustrated by first going over the matters of germ 
ranes, and REM and embryonic origin, the formation of the embryonic mem- 
Pregnant tat e placental attachments as found in other mammals. The use of a 
an Seas pig, or rabbit will be found to furnish powerful motivation and 
same structu mpersonal means of illustration. It is an easy matter to say that the 
furnish ms res and relationships exist in man. Such books as Arey (Ref. 13) 
Useful, An urce of diagrams of sex structures if these are considered necessary or 
Of the soc; understanding of reproduction does not necessarily require a discussion 
cial implications of sex. There is a vast amount of literature upon this sub- 


Ject, a 
5 a the following bibliography will give plenty of reading for the teacher who 
Opportunity for adding a discussion of the so-called social hygiene to the 
f sex is made a part of the subject, 


Study of 
it is best human reproduction. If this matter o 
i to avoid the all too frequent morbid moral and religious elements to which 
bject produce a dreadful fear 


is s 
and dedu attached. Many lecturers upon the su 
Phasizin essed outlook upon the immature minds of their audiences by overem- 
the p PS the degradation and pathological consequences of excesses, without giving 
direct qp nt, normal, healthy reaction that should be the goal toward which they 
their efforts, 
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CHAPTER 23 
-4 Heredity +- 


Genetics i i 
SA m nenes and in some respects the most accurate of the 
E es. It has had a phenomenal growth during the past half 
Dans Cw e ts to grow rapidly. The subject is of widespread im- 
iv PUN se E T application to human beings as well as to domes- 
BS inii s ane plants. Human heredity is of importance and interest to 
ENS ordo ual. It is the basis for the improvement of human society in 
nean opposition of sociological theory and religious preachment. 
heredity E id social order will ever be so bold as to attempt to control its own 
qr Sp PA to be seen, but genetics and environment have operated 
extinct. Ac Pu uce what now exists and to eliminate what has become 
pita ization becomes more complex, there is a greater demand for 
Sbblicatior une animal products as well as increased quantities. By 
Problems B A m uy principles of heredity, a solution of these 
tary lex very definite need for the study of heredity on the more elemen- 
sity. One bos many high school students never enter a college or univer- 
the highl H 5 difficulties involved in giving it on this elementary level is 
AN ia tec nical and symbolic methods which the geneticist employs. 
appreciate ic every reason, however, for having more of the general public 
evined fae e importance of heredity, it seems fitting that some methods be 
Standable t di readily translating its principles into terms that are under- 
Suggestions ; ose of less mature standing. With this in mind the following 
in the s are made to aid teachers in their endeavors to handle the subject 
econdary schools. The use of the problem method of introducing the 


Subj ` 

idi. is strongly urged, allowing terminology and technics to appear 

o wee wherever needed. Every biology teacher should read “Heredity 
igh School” by Robert C. McCafferty, published in School Science 


a 
nd Mathematics, May, 1952. 


PROBLEMS WITH LIVING PLANT MATERIALS 

Corn (Sorghum). Materials. About 100 
carrying the factor for albinism; 
rdeners; sand or soil to 


Albinism ; 

aa in Corn (Maize) and Kaffi 

o ord; either or each of the maize or kaffir corn, 
fill each nary flats or wooden boxes as used by florists or ga 


Th 
form Eu of heredity may be introduced by the presentation of a problem in the 
of t es Wing plants showing an approximation of a simple 3:1 ratio. By means 
* plants, variation and phenomenon of dominance and recessiveness of 


417 
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certain characters, as well as the segregation of pure lines, are demonstrated. Albino 
strains of corn (maize) and kaffir corn are almost ideal for this purpose since the 
seedling stage is used. The material may be assigned as a project for a small group 
of students or may be prepared by the teacher. Plant about 100 grains of either the 
maize or kaffir corn in moist soil or sand in a box. Within 8 to 12 days scedlings will 
develop sufficiently to show green and albino plants (see Fig. 23.1). The two Kinds 
may be counted and the numbers compared. The ratio of green to albino is ap- 
proximately 3:1. Usually this exact ratio is not obtained, but is approached. ix 
per cent deviation from the exact ratio is less when large numbers of individuals 
are used than when small numbers are used. It should be emphasized that 75:25 
(3:1) is not commonly obtained for 100 seedlings. The numbers are more likely to 
be somewhat like the following: 65:35, 68:32, 73:27, etc. 


Fro. 23.1 A living demonstration of Men si 


a à del's |; f hybrid ation, from à 
pollinated hybrid corn plant Possessing the rises IL Mos d ia ' 


recessive trait of albinism. 


BU 
planting, they learn that there !5 


a 
dlings develop; = 
decided color difference is a $ ; put Whien boue ^ the ques 


lling 

attention to the fact that ental 

conditions. It is apparent that the diff 

genetic factor. This establishes the fact that there is such a thing as he Sud 
e 


HEREDITY 419 


tions students conclude that the mathematical ratio is a genetic principle. All the 
foregoing necessitates an explanation based upon knowledge of the germ cells 
and behavior of the chromosomes according to some such method as illustrated 
by Figs. 23.5 and 23.6. 

Of the green plants 33% per cent develop as pure line green (albino character is 
absent), and 6624 per cent are green hybrids (albino potentiality is present, but is 
hidden by the dominant green). Since albinism in maize and kaffir corn is lethal 
(dies off before maturity) as soon as the reserve food supply in the seed has been 
exhausted, it is impossible to obtain a pure line of plants lacking chlorophyll in the 
mature state. One, then, has to depend upon hybrids for seed in each generation 
In which albinism occurs. It is from the above-mentioned 6625 per cent group that 
the original seeds for the experiment must be obtained, and of course, self-pollinated 
Plants must be used to get the 3:1 ratio. 

For schools under the Smith-Hughes system and others of rural communities, 
Proper seed may be produced as a project by some interested student. To do this, 
Plant grains from an experimental lot of albino maize in good garden soil and 
cultivate as for ordinary corn. The albino plants die within 2 or 3 weeks. When 
tassels and ears on the green plants begin to appear, cover and tie a paper sack 

Brocery-store type) over the tassel and ears before stamens and silks appear. When 
the pollen is shedding in the sacks over tassels, vigorously shake each sack-covered 
tassel to release as much pollen as possible. Remove a sack with pollen and dust it 
Over the silks of an ear or ears of the same plant which have been covered. Replace 
Sacks over the ears to prevent entrance of foreign pollen, leaving them for about 

~ days or longer. Be sure to tag each self-pollinated plant so that it may be recog- 
med at harvest time. After the corn is dry, and before using experimentally, a few 
Brains from each ear must be given a germinating test. This is to eliminate the pure 
ie green which is of no value for demonstration purposes. Save only those ears 
of which some grains produce albino seedlings. As for the albino kaffir corn, the 
Principles of preparing new seed are the same as for the maize, except that the 
E TOCess is somewhat simpler. The flowers are bisporangiate, so it is only necessary 
sh Sack the spike of unopened flowers as it is breaking from its sheath. Wind will 

ake pollen over the stigmas. After the flowers are past their pollinating period 

€ sacks should be removed to prevent molding. Be certain to have each self- 
Pollinated plant marked. As the grains are maturing it may be necessary to cover 
m Spike with muslin to prevent loss due to birds. Each mature head or spike 
“ust be given a germination test as for the maize. k , 1 
dS following plant species and varieties are desirable for preparing living 

“Monstrations of Mendel’s laws of inheritance, as previously mentioned: Selfed 
sn albino corn grains; Selfed hybrid albino sorghum (kaffir corn) d 
P pe hybrid sorghum (Feterita-white grain), which segregates mee ie ds 
is Breen stems in a 3:1 ratio; Selfed hybrid Datura (Jimson wee ) seeds, 3:1 

the seedling stage segregates purple and green hypocotyls and stems in a J: 


E A dihybrid ratio of 9:3:3:1 may be demonstrated from these ede ian 
8s, if i rple and green stems, armed (spiny 
Recitales s ih available from the Ohio 


igi armed (smooth sules (fruits). These item: € 
ological Supply cae 214 Westwood Road, Columbus 14, Ohio. 


her, credity and Environment. Which is the more important, pr or 
the ity? is a question often asked by students. If it does not ae rom be? 
instructor should present it. This problem may be effectively lemons 


Mrs of the hybrid albino corn. 


Pus i i and, plant about 25 grains of 
ed WD MER AM eu me Mya il moist e" in a temperature of 


hybrid albi ins. Keep the soil r 1 
sou 70°F, a a credit all be exposed to bright light during the day, 
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and keep the other in complete darkness. Within about 10 days, the Vac Me 
have germinated and the seedlings should be 2 to 3 in. in height. e po e 
seedlings which grew in complete darkness will be free of chlorophyll ani appa 
to be albinos. In the pot of seedlings which were exposed to light, about t ie 
fourths will be green and one-fourth albino. Since all the grains planted in v 
pots were of the same source, theoretically three-fourths of the seedlings kt 
grew in darkness should have genes with the potentiality of chlorophyll synt v 
and only one-fourth should be pure for albinism and not capable of epi m ce 
green pigment. If time permits, these points may be tested by exposing the prem 
chlorophyll-free seedlings to light. With light exposure for 2 to 3 days, a = 
three-fourths of the seedlings will become green and one-fourth will vase in- 
albinos, duplicating results for the pot of seedlings exposed to light at the begi 
ning of the experiment. dity) 
The obvious inference is that the pure albinos do not have the genes (here de 
which would enable them to manufacture chlorophyll regardless of liget 
environmental factor in this instance. However, the green seedlings did po 
proper genes to synthesize chlorophyll when exposed to the proper envirom 
light). ; 
; P. this demonstration it will be obvious that the question, Which is BE 
important, environment or heredity? cannot be answered. However, it does demoa 
strate the importance of both heredity and environment, since a given here aces 
potentiality cannot become expressed unless exposed to the proper environm 
This is of importance in both biological and sociological relationships. 


PROBLEMS WITH LIVING ANIMALS 


While problem crosses suitable for introducing the student to a study of heredi 
may be drawn from either plant or animal materials, the number of simple hic 
that are available for class use is not great. A few examples from animals a 
may be handled without too much work and which will not involve too long 
period of preparation are given here. ould 

Mice. One of the simplest problem crosses that can be made for class use p tor 
be with the pure lines of black mice and albino mice which are pure for the tac 
for black color (homozygous), BB 

Materials. Two or more pairs of tested mice with the formulas of CCBB and 43200 
(such tested mice may be obtained from General Biological Supply House, à 
South Hoyne Ave., Chicago, Ill.); cages to keep the pairs separate; feed. da 

To Show Dominance. Mate the mice in such a manner that a white mouse i) 
black mouse always constitute the members of a pair. This cross is CCBB (blac B 
ccBB (albino). All the offspring from such a cross must of necessity be 
which is hybrid black. of 

To Show Segregation ( the 3:1 ratio). By inbreeding the males and females 
this F; generation the F, generation will produce both black and albino sies be 
the number of offspring in the F, generation is sufficiently large, the ratio Wi s in 
approximately 3 black to 1 albino. If these crosses are presented to the ac d 
problem form, they may furnish the basis for establishing many of the concep een 
principles of heredity essential to an understanding of the subject just as Eo 
d — for oe green and albino corn. binos 

To Show How a Pure Line Is Selected. By mating any pair of the albino 
the F, generation, a pure line of albino o is stile at once. To 5€ E. 


: ul 
pure black line would take longer than would be useful for classwork but m be 
be undertaken by one or more students as a special project. This selection cal ully 
done only by repeated matings of a back-cross type. It should be discusse 


s 


from 
a 
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x ow ii if not actually undertaken. These methods of selecting pure lines are 
Used in id ica for the student since they represent some of the methods 
be vier ng Fori eeni of domestic stock. Other interesting crosses of mice may 
formulas e rd nang the chocolate (dark brown) CCbb or Ccbb. In all these 
(AEN Ede en eu m te express color and c the lack of that ability. Thus, 
be albino er dee ith the composition Ccbb are crossed, their offspring may 
UO E There are some simple crosses among domestic fowls that might be 
willing to com r^ any other material if a poultry breeder is near who would be 
Slt nish the original cross so that eggs of a known mating could be 
Xm A setting of 50 or more fertile eggs that were obtained by crossing 
Redan dn n any colored breed of chicken such as black or the Rhode Island 
The y reis ator. 
all the Hoe the leghorn is dominant over colored plumage. The result is that 
siveness Ld are white in the F}. This in itself illustrates dominance and reces- 
such per! owever, such a cross has already been made previously and eggs from 
colored s s are available, then the F, generation can be hatched and white and 
may be ber be obtained in the proportion of 3 white to 1 colored. Other crosses 
reeder ca ained, depending upon the kinds of poultry bred in the locality. A good 
such a eae Suggest possible different crosses that might be used. White leghorn is 
between fiae breed that it has been chosen here as an example. In any cross 
With anos erent breeds it is absolutely necessary that the hens have not mated 
i 2 cock during the preceding 3 wecks. 
a Mm T (common fruit fly or vinegar gnat). Because these tiny insects have 
lominant ife cycle in about 2 weeks, are easily handled, and have very distinct 
Problem KAG recessive traits, they make desirable subjects for a schoolroom 
è Connie mutant types such as the vestigial winged flies suggested here may 
Tom the eo some of the genetics departments of the larger universities and 
Crosses of t eneral Biological Supply House, Chicago, Ill. Sometimes prepared 
bras Conca may bc purchased already made up. 
Tosophila F ultures of wild type drosophila and a culture of vestigial-wing-type 
c Vestigial win culture of hybrid drosophila made by crossing the wild type with 
anana; cot -wing type); several small jars about the size of Ya-pt. milk bottles; 
er’s be ton to plug jars; knife; oven or double boiler for sterilizing culture jars; 
A TA a 
the; nemy of successful 
Jars and plugs and keep them that 


cultures is mold. Hence it is necessary to sterilize 
ies, aft sane way until the jar has developed a good stock 
Pressure b E which it will take care of itself. Sterilizing is not difficult. A steam- 
cient, M. oiler is good but not a necessity. A small oven or a double boiler is suffi- 
: Make some balls of cotton large enough to fit snugly into the mouths of the 


culty 
Stari re Jars, Plug the jars and heat slowly in the oven for ¥% hr. or longer, 
he jars in a double boiler and 


ting wi 

bring With the jars in the cold oven, Or place f 
anothers $ Secondary water up to as near vollng as posse. Continue heating d 

Ove i Sterilize the knife at the same time. Remove and cool slowly. 

a S no b, € plugs from the jars until ready to add the food. Select a ripe panana 
ai ; reaks in the skin, Peel it carefully so as not to allow the fruit to touch 
Culture ; Ut about 2 in. in small pieces from the peeled part and drop them into 
di, 5 the dh hese pieces should be crushed into a pulp in the bottom of the jar 
lag? erile knife or a flamed glass or metal rod. Drop ^ few (two or three) 
aid on Md culture on the banana and replace the plug. The plug must not be 
irty table while the jar is being prepared or it will carry mold into the 


SCA 
Jar is now ready to be stocked. 
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Another method of preparing the culture medium for drosophila is described as 
follows by J. C. Cross: ! "In a pyrex beaker 750 cc. of water and 75 cc. of white 
Karo syrup are mixed. To this is added 20 grams of shredded agar. The mixture 15 
boiled until the agar is liquefied. In a separate container two medium-sized bananas 
are crushed and 25 to 30 cc. of 95 per cent alcohol is added. The bananas and 
alcohol are well stirred and allowed to stand about 20 min. and are then added to 
the water-syrup-agar mixture after this mixture has quit boiling and has cooled to 
about 90°C. The food amounts to about one liter in volume and is ready for 
bottling immediately. It is best to autoclave the bottles and cotton plugs, but this 
is not absolutely necessary. Since alcohol has been added already it is not necessary 
to spray the food with yeast as is done in some laboratories, and since no yeast 55 
present carbon dioxide is not formed. The food adheres well to the bottom of the 
bottle and the flies do not stick to it easily. It has been kept in this laboratory 
almost two weeks without being covered with mold, however, when the bottles are 
not autoclaved contamination may appear within four or five days." " 

To Show Dominance. Remove about 10 flies from a jar of wild-type drosophila 
(see Fig. 22.14 for method). Anesthetize these and examine them with a hand lens 
or microscope and select several male flies. They may be distinguished from females 
Sex comb by the clump or patch of dark bristles on the first (protho- 

i racic) legs (see Fig. 23.2). Place these males in a tiny cone 
twisted from clean paper and drop the cone and flies into the 
culture jar. To etherize flies pour a few drops of ether 0n x 
piece of cotton and press it over the mouth of the cUm 
bottle. As soon as the flies drop to the bottom and do no 
Fic. 23.2 Sex move, remove the cotton and dump the flies on a piece cs 
a of male dros- paper or in a dish for examination. If the ether is applied teg 
para; long, the wings extend above the fly's back and this 5 kK 
+s Saat ar a almost sure sign of death. Repeat this procedure usin: B 
A E vestigial-wing drosophila, selecting several females instead of males. b 
; ae à new culture so as to get the flies within a few hours after they ¢™ this 
rom the pupae. The females must be virgin or the experiment is useless. Keep h 
new stock jar in a place where it will not be disturbed for a week. By this time is 
pars will have bred and there may be numerous tiny maggots in the bananas. d 

est temperature is about 23°C. In another week the maggots will have pupated an 
emerged; therefore it is important that all the pairs of parent flies be removed ine 
this new culture jar by the time that pupae are first found on the sides of the j^ 
This new emergence represents the F, generation which is all hybrid for the lon 
and the vestigial-wing character. Since the normal, or long wing, is dominant, : 
bm den AE pee winga: This is contrasted with the gt 
lwih ^. ihe wild type is again dominant so all the 71 ess 
be illus is d bodies. ae gives two chances for dominance and recessive? 
rated in a single i i ‘ is rea 
introduce her class to Ce i gis calare the rr E :oned 
Es 5 Rune Segregation (or the 3:1 ratio). From the hybrid culture just menti te 
ve withdraw about 10 adult flies. This must be done while the culture 15 EL 
young, that is, during the first week, or before they have had time to prod” 
second generation. Transfer the 10 flies to a new culture jar, and when lar? to 
pupae appear on the jar remove the parent flies, allowin the new genera ve 
reach the adult stage. When adults have appeared in dt large numbers, 1€ p" 
most of them from the jar and anesthetize or kill them. Be sure to shake thos? . ged 
the jar which seem more sluggish than the rest since they are vestigial w unt 
and cannot move about so readily as the long-winged ones. The students may © 
1 Science, vol. 89, no. 2298. . 


HEREDITY 423 


the number of flies having long wings and compare the number having vestigial 
wings. The ratio will be close to 3 long to 1 vestigial. For example, the count may 
Tun 152 with long wings to 48 with vestigial wings. If the students are given an 
Opportunity to examine the hybrid parents and later count the F, generation and 
find that every fourth fly has crumpled short wings, there is a distinct problem 
Presented as to what causes this new type. It should be handled in the same 
manner as the albinism in corn discussed above, where the students offer hypotheses 
that are later checked and discussed. These furnish the basis of further study. 

; To Show How a Pure Line Is Selected. In the discussions aroused in the preced- 
ing problem there should be developed the ideas of pure lines, hybrids, dominance, 
and recessiveness, Have one or more interested students select male and female 
flies with the vestigial wings from the above culture and make a new cross in a 
fresh jar. If allowed to run for several generations it will be scen that all the 
offspring are vestigial winged. This is a simple way of selecting a pure line from a 
mixed culture, and the student can make use of the problem later by showing how 
Selective breeding has been employed in producing varieties of domestic stock. If 
the teacher chooses to show that the problems of selection and pure lines are some- 
times more difficult, it may be done by mating pairs of the long-winged flies from 
the segregated culture above. Some of these matings will produce pure-line long- 
Winged cultures, but most of them remain hybrid, producing vestigials in F; or Fy 
Benerations. 


ILLUSTRATIONS OF VARIATIONS IN PLANTS 


Ls Origin of New Potentialities. When new seed and nursery catalogues appear 
No year, many new varieties are described and offered for sale. Many of these 
of Varieties came about by a recombination of potentialities through hybridization 
two species or varieties. However, this is a recombination of characteristics which 
ne have existed separately in two species or varieties for a very long period of 
me. No new potentiality is involved, but it is a new combination. 
or Another kind of heritable variation is known as a mutation. The individual plant 
in animal in which the mutation occurs is known as a mutant. The mutation results 
eee characteristic, having been unrecorded previously in the species where 
to h ne frequency of this kind of heritable variation is less than variation due 
Moe: ridization, but is probably much more frequent than formerly believed. 
^ Present-day mutations are recessives and may remain hidden indefinitely, 
cause of the influence of dominant genes. 
Bene * change which results in a mutation is a change which occurs in a gene. A 
chr 1s the hereditary unit of matter (deoxyribonucleic acid or DNA). A single 
9mosome may be composed of many genes. This kind of change in a gene cannot 
n: distinguished by even the highest magnification available with the electron 
NAE at the present time. [ s LM 
here ey is another heritable type of genetic change which should be considere 
Sid t is a matter of increase in the number of chromosomes per cell ordinarily 
the hi In given species. The increased number of chromosomes can be observed with 
Cha igh-power objective of a microscope if the cells are properly prepared (see 
gene, 14) when they are in the metaphase or anaphase stages of mitosis. The 
is Composing each chromosome are not necessarily changed. The tetraploid state 
ey. the most common polyploid form. It results from a do ling of the 
f diploid number of chromosomes. This occurs when something prevents the 


P'mation of a new cell plate (wall) in a dividing cell. 'This may occur spon- 
3.3, plant no. 7. In 1937 it was 


qe. An D m js illustrated in Fig. 2 Robe 
Veneri] thal i Ud ui all ate rm e mtt 


424 SOURCES, PREPARATION, AND USES OF MATERIALS 


crocus (Colchicum autumnale), is applied properly to stem tips, flower primordia, 
root tips, cambium, and germinating seed during mitotic cell division, the tetra- 
ploid condition may be established. For details of this technique, see Ref. 21, 
Chap. 21, and also Ref. 9 of this chapter. A tetraploid Sansevieria (plant no. 2, 
Fig. 23.3), originated from a colchicine-treated stem (rhizome) tip. 

Polyploidy occurs in both plants and animals. At present it appears to be of 
little importance in animals, but is quite significant in many plants. This is par- 
ticularly true for many domesticated species and varieties. In addition to the 
increased number of chromosomes, the plants are larger, with leaves about twice 
the thickness of leaves of a diploid, a darker green color (due to an increase! 
number of chloroplasts), and have more brilliantly colored flowers, fruits, an 


Fic. 23.3 A living demonstration showing th igi jeti f Sensei 
IG. 49 £ e origin of new varieties O jdY: 
panem (porstu hemp): (1) by Véase Gr doinado mutations and polyploid 
Me etraploi derived from 1, by colchicine treatment of rhizome tip; ) 
Pileniata vgr. Laurentii, characterized by a yellow border of thc leaves; ( 796) 
ira vat. variegata from 1; (5) Bantel’s variegated variety (Patent o: cous 
rom 1: (6) dwarf variety Hahnii from 1 (Patent No. 470); (7) sponta 9 
tetraploid of Hahnii; (8) variegated, O.S.U. Hahnii, from 6; Nos. 3, 4, 5, pu 
are chimaeras, that is, each is composed of two or UT netically different n 
(Photograph by Dr. Alan Heilman.) Fs 
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E LU polyploidy, and some chromosome aberrations are mechanisms 
y which new potentialities and the resulting new characteristics come into 
existence. This is what is meant by evolution (Ref. 21). 
Eon may occur in either haploid or diploid cells, in both plants and 
Eaton Feed in all animals, except for some of the lower invertebrates, a 
dE wi n occurs in a somatic cell is lost at death of the animal. At present, 
E. no known method by which a dog can be regenerated from a dog's leg 
mn dieci Vegetative (somatic) multiplication or regeneration is common 
E g all the larger plant groups. À few outstanding examples are potatoes, sugar 
ad Hie potatoes, apples, peaches, plums, cherries, pears, grapes, apricots, 
T i praes grapefruits, lemons, bananas, and pecans. The “bud sports" of 
Gee rie literature are the result of vegetative or somatic mutations. 
a coe y, the dome-shaped mass of embryonic cells (apical meristem) of a 
le Sd composed of three layers of embryonic cells. The outermost layer con- 
DEN e epidermis of both the leaf and stem. It may also contribute, in addition, 
va D of cells inside the epidermis, but near the leaf margin. From the 
A a dni the remainder of the leaf is differentiated, as are other stem tissues, 
E en pith. Stamens and pistils (carpels) develop from the third layer. It 
Greets o eye then that if a: mutation should occur in the second layer of the 
varyin y which prevents chlorophyll synthesis, both the leaves and stem may show 
Bente ac egrees of albinism. This is the mechanism by which most variegated 
Variegat a initiated. If such a variegated branch is propagated vegetatively, the 
fay TAE may be maintained indefinitely. Some common examples of this 
n dora the point: there are several variegated varieties of English ivy 
TA he ix), coleus, geranium (Pelargonium), Evonymus, bowstring hemp 
ae ria), Hibiscus sinensis, Sultana (Impatiens sultanii), and many others 
. 4). 


no lo i z 
nger genetically uniform, but has two or even more gen 
ted are known as chimaeras, and the 


o ivi A m eis A 
T a living demonstration of the origin of new varieties of plants from a single 
own in Fig. 23.3 is recommended. 


of Africa, was intro- 


Or j 
an p popularity is that it will live and thrive un 
y E other ornamental potted plants. It is usual 
lria seed of the leaves or rhizomes bearing a stem tip ( d 
in abund s may also be used as propagules; however they are not usually produce! 
ance in either home or laboratory conditions. 
d previously, is of increasing impor- 
le and was obtained by treating a 


tip from a leaf cutting of plant no. 1, with 


Was 7 
still escribed as a new species Sansevieria laurentii, honoring the discoverer. It is 
R e as S. laurentii. Botanists now know 


is a variety of S. trifasciata and not a different species. This variegated 
is characterized by a golden-yellow leaf margin, often extending in from the 
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margin for 1⁄4 in. or more. When leaf pieces 3 to 4 in. are used as propagules, the 
leaves of the new shoots are without the yellow leaf margin and are identical with 
the original species S. trifasciata (no. 1, Fig. 23.3). Florists have known this for 
many years. It is one of the few exceptions to the general rule that in vegetative 
multiplication, the regenerated plant is identical with the parent plant. The 
variegated condition can be propagated only from the rhizome (stem). Under 
somewhat special conditions it is possible to obtain chlorophyll-deficient shoots 
from the yellow strip of the leaf margin (Ref. 2). The entire shoot is yellow-green 
when young, gradually becoming yellow and free of chlorophyll. It is so chlorophyll 
deficient that when severed from the leaf cutting it dies within about 2 weeks from 
starvation. When seeds from Laurentii are planted, germination will occur within 
3 months, and all the seedlings are green and without the yellow leaf margin or 
variegation. When these seedlings mature, the plants are identical with S. trifasciata 
(plant no. 1, Fig. 23.3). Results obtained from the leaf cuttings and seedlings of 
Laurentii lead to the inference that the yellow tissue composing the leaf margin is 
genetically different from the remainder of the leaf. Also, this yellow tissue must 
have originated by a mutation in the second embryonic layer of the rhizome tip 
(apical meristem). The Laurentii variety of Sansevieria is another example of a 
chimaera. For many years it has been widely used as an ornamental. 

Plant no. 4 (Fig. 23.3) is a highly variegated plant which originated by muta- 
tion from a leaf cutting of Sansevieria trifasciata. Leaf cuttings will usually produce 
green shoots which are identical with the parent plant (plant no. 1, Fig. 23.3). 
Occasionally, albino shoots arise from the mutant white tissue, These die of 
starvation when cut loose from the leaf cutting. The photograph of this variety 17 
Fig. 23.3 shows the plant in flower. Rarely are fruits set which contain viable seeds- 
All the seedlings are albino, or highly chlorophyll deficient. The plant can be 
Propagated only from rhizomes having a stem tip. 

Plant no. 5 (Fig. 23.3) is another variegated plant occasionally found on the 
floral market under the name of Bantel’s Sensation, Patent No. 796. The leaves are 
more narrow, usually shorter, and the central portion is thicker than plant no. 
Cuttings from the leaves will usually bear green shoots which appear to be identica 
with Sansevieria trifasciata. Occasionally an albino shoot may appear on leaf cut- 
tings as in plant no. 4. 

Plant no. 6, Fig. 23.3, is a dwarf variety, named Hahnii (Plant Patent No. 470). 
It Is occasionally found under the name Birdnest Sansevieria. This mutant was 
discovered in 1923 in a nursery south of New Orleans, La. It was attached t° i 
P of ir ranidpe trifasciata. It is a popular house plant, being found in n 
at nearly all florists. The leaves are conspicuously shorter than those of the pare 
plant S. trifasciata (no. 1, Fig. 23.3). An old plant may have 15 to 25 leaves 
differentiating from a single stem tip. In the parent (S. trifasciata) the maximum 
number of leaves from a stem tip is about four, with one to two being the [ac 
[CM ba 23.3). Apparently there is no record of flowering in the vane 
leaf cuttings or dice T his dwarf plant may be propagated from 

Plant no. 7 (Fig. 23.3) is a spontaneous t : ; ii, The leaves 
are very dark green and have otk twice ke posean present y 
not generally available from dealers in ornamental plants. leaf 
ee ae (Fig. Pee is a variegated mutant which occurred from ^ 942. 

g nii in the botany greenhouses of The Ohio State University ! -ye 
It can be propagated in the variegated condition only by rhi tips. Vegetan 

Sud s E y rhizome tip ec! 
multiplication will occur from leaf cuttings; however the new shoots will be £" 
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and identical with Hahnii, or they will be highly chiorophyll deficient with con- 
siderable yellow pigment being present. In other words, the plant is not genetically 
uniform and may be referred to as a chimaera. It is quite desirable as an orna- 
mental plant. A similar mutant, but with somewhat larger leaves, known as Golden 
Hahnii (Patent No. 1224), is available on the floral market. 

The set of Sansevieria plants illustrated in Fig. 23.3 can be a valuable adjunct in 
the teaching of biology, botany, and horticulture. The living plants may be main- 
tained with a minimum of effort on the windowsills of a biology classroom or in 
the home, Plants nos. 1, 2, 3, 5, 6, and 8 are available from dealers in ornamental 
plants, Essentially the same set of plants shown are available from the Ohio 
Biological Supply Company, 214 Westwood Road, Columbus 14, Ohio. It is likely 
that there will be other varieties of Sansevieria trifasciata available as time goes 
on. This group of varicties composes a living demonstration of mutations and poly- 
Ploidy which are the basic mechanisms of evolution for all kinds of living organisms. 

ybrids (F,) with Desirable Characteristics. In some instances, the hybrid or F} 
Beneration (first generation after crossing) displays characteristics which are desir- 
able, This may be a matter of (1) combining desirable features from two desirable 
Varieties; (2) the F, generation may exhibit vigor (heterosis), resulting in increased 
Yield of fruit and Vigorous vegetative growth; (3) immunity or resistance to 

po ase-causing organisms; (4) hybridization between a diploid and a tetraploid 
Plant, resulting in a parthenocarpic (seedless) triploid. 
E following citations are a few of many outstanding examples, There are now 
ist E. € two new apple varicties of known parentage which rank high among the 
on E all apple varieties. These two superior food plants are a reward to the 

Sod Dr. F. S. Howlett, Department of Horticulture of The Ohio State 

i dA for his knowledge, skill, and patience. One of these varieties is known as 
Vari ose and resulted from a cross between Delicious and Jonathan. The other 

ety is designated as Franklin and is a hybrid between McIntosh and Delicious. 
Mea example is presented, not particularly for its unusual value as an orna- 
family pot plant, but because it resulted from crossing two genera of the plant 

Taliaceae, Generic crosses are relatively rare. Hedera helix (English ivy) 
With Fatsia japonica (Japanese aralia) resulted in a sterile hybrid com- 
T ome of the desirable characteristics of both parents. This hybrid now bears 
fo | iig name Fatshedera lizei. A mutant of this new genus is variegated. All 
hybrig ie may be propagated vegetatively. Pot specimens of the two parents, the 
x Menta] the variegated variety, are available commercially from dealers in 
fective vis, ants, A set of these four plants in the biology classroom can be 

Hybri ; aids as well as being ornamental. A. m. d 
tis 9t. In 19 Sor. Hybrids from crosses between certain varieties exhibit orra 

y, d r. George Shull, a geneticist for many ycars at Princeton a 
Some 5 quiention to the vigorous growth and increased yield which resulte f 
f his dis. inbred corn varieties he had crossed. He suggested the possibility o 
ds fk ioy to commercial corn production. However, Er bd 
ne, P'ance, z had to be solved before the principle conls P n ihe 
hyp, stem i agricultural public insisted upon unquestionable evi d A 

riq Which „O70 production was superior to that of open-pollinate x 
t This aw excellent results in one locality did poorly in an SR = 

“ndous ks on the development of suitable varieties for each area. This Hes 
€d that p? Worked on by many corn breeders and geneticists. It was dis- 
m ered Y?rid vigor (heterosis) was due to heterozygosity. Eventually it was 

“double cross” would increase the heterozygous condition. This 
Y selecting two pairs of inbred strains, each of which would 


Crosseq 
inin 
E 
TER 
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produce satisfactory increased yields by the hybrid. These two hybrids were then 
crossed, resulting in increased heterozygosity and yield. 

Almost 25 years elapsed from the time of Shull's suggestion before there was 
widespread acceptance of hybrid corn. Today, over 90 per cent of corn planted 
each year is hybrid. The increased yield realized is about 25 per cent per acre, W! 
no increase in labor cost. The result is the same as though there had been a 25 per 
cent increase in land area added to corn production. See Chap. 11 for projects on 
land conservation. 

Hybrid Resistance to Disease. Hybrid sweet corn is produced in the same way aS 
hybrid field corn. The many hybrid sweet-corn varieties produce larger yields, 
larger ears, and have an increased sugar content. Some open-pollinated swect-corn 
varieties such as Golden Bantam were susceptible to Stewart's bacterial disease, a 
serious disease in many localities. The hybrid Golden-Cross-Bantam is highly 
resistant to the bacterium causing the disease. or. 

Triploid Hybrids Bearing Seedless Fruits. A triploid (3n) plant may originate 
from the crossing of a diploid (2n) plant and a tetraploid (4n) plant. Shortly 
after the discovery (1937) of the colchicine technique, by which tetraploid piana 
could be synthesized, Prof. H. Kihara of the Biological Research Institute, 
Kyoto, Japan, applied the new technique to watermelons. Watermelon (Citrullus 
vulgaris) varieties ordinarily have 22 chromosomes per cell. This is the diploi 
(2n) number. By treating seedlings with colchicine, tetraploids with 44 ond 
somes (4n) can be obtained. When a tetraploid is pollinated by a diploid, kn 
embryos in the seeds will be triploid (3n), with 33 chromosomes in each S S 
When these triploid seeds are planted, the mature plants derived from ES 
triploid embryos will be sterile. However, excellent fruits develop which are sec A 
less. The triploid hybrid watermelon is a genuine hybrid exhibiting hybrid os 
in yield, vegetative growth, and disease resistance. Varieties of the common ae 
mercial banana and pineapple are seedless. They are also triploids and must hav 
arisen spontaneously, ; f 

Nonhereditary Variations (Fluctuations). These variations are the expression ab 
à given genotype due to varying environmental factors. In other words, the he d 
tary make-up does not change, but its range of expression varies with change 1n ^ g 
environment. Most of the activities of the gardener, farmer and orchardist s 
directed toward improvement of plant yields, by providing the proper environmen 
for the best expression of a given hereditary composition. The agriculturist maY 
accomplish this by the proper application of fertilizers, irrigation, cultivation: 
drainage, pruning, proper seed storage, time of planting, insect pest and eee 
control, inoculation of leguminous seeds, light and temperature control. The pn? 
ciple applies to farming as a big-scale operation as well as to individual pot cultur 
of ornamental plants in the home. 

Fluctuations may be demonstrated in the laboratory, by culturing tomato, 
or corn plants with a complete nutrient medium and with various elements lacking 
Saas of plants may be cultured in different lengths of day, as described in Chap 

Beans, Peas, Corn. Divide a group of beans, pea seeds, or corn grains 
equal groups. Plant in similar Pots of soil. Keep all conditions the same in 
sets except for varying the amount of water supplied. 

Wandering Jew. Root a series of cuttings from a single wandering Jew 
Place half of them in dense shade and the other group in bright light. Note 
in leaf size, leaf thickness, and red or purple pigment (anthocyanin) content °` ^. 
leaves after a few weeks. Has the wandering Jew's heredity changed? This q"? ihe 
may be answered by making cuttings or placing whole plants of the sun form m 
shaded situation for a similar length of time. Mark the leaves on the plant in d 


pee 


into tW 
the tW? 


plant 
results 


HEREDITY 429 


way so that they wil 
w y wi 1 not be considered |; 
cn produced ; rae og eae Only the new leaves which will have 
na Fopla wi / 
Ex i^ pou Tree. What differences can be noted i 
smnlight pe ae gs on the same tree? Usually leaves expo: A cm 
Biden cate eir development havi ub ee) 
hronatont their e a smaller area, are thick 
pin 3 epi ermal cells per unit area, less inte e CA Ad 
E uri unit area than leaves which develop in dc Sti MACHEN 
Sus uh fa e on tulip tree (yellow poplar), ash, etc. MED? <i 
. Exa ypes 
md — ( tree for three types of leaves—nonlobed 
ice lire * 2 the same for mulberry. Note that usually the fi ; l cen 
emn Ne imr obed and that the lobing increases with growtl Eth dm 
veilt D ens of the cultivated mulberry prod Fac 
te à spectu ol ry produce leaves all of which are 
€y Locust. Of 
nont . Often the first leaves f 
e er f es from a honey locust bud i 
fion a ee Uu oe leaves are produced which pewces xni 
are simple; Vet on n ordinary bean plants the first leaves above mot ed 
eveloping later usually are trifoliately compound BÀ 


ILLUSTRATIONS OF VARIATIONS IN ANIMALS 


Just as i 
as in pla 
that make it eniti find that there are various kinds of differences in animal 
ifferences that m "s to distinguish species from each other, as well as indi idual 
same mus De : 3 it possible to distinguish between related individuals a s 
ng examples, atter are of several kinds which may be illustrated by the follow- 
eredi CM 
composite Variations. These are the vari 
Carried in a the animal. They may be o 
cated in the s ene recessive manner an 
SIDE 

colors of pal et lems suggested above on pages 490-4422, such characters as the coat 

als and the eye characters and wing characters of the fruit fly are 

] examples of such variations are as 


Inherit 
ed 
Ollows, gene-governed variations, Additiona 


ations which are governed by the gene 
f a visible character, or they may be 
d therefore not be expressed. As indi- 


Mut : 

bre, ac tons. s 
norman iius d nx stock of animals known to be a pure line by repeated 
in sue type in some A appear onc or more individuals that depart from the 
Hun, ceeding gen of its characteristics and this change is shown to be inherited 
„dreds of such sem from this variant, the change is called a “mutation.” 
en siae (mutations) are known for drosophila and many other 
meth dert mutations appear in à line of animals and are carefully 
our de of selective by and inbred, they may be established as a new pure line. This 
dogs Omestic stock oe is responsible for most of the breeds and varieties 0 
PRS, cats, rats mi uch common examples as cattle, hogs, es, sheep, poultry, 
Si cncer D. c c ore pigs, and rabbits hav known to all. The 
ween beef and dairy catt ft and racing 


o 

pa Bie. are h le, lard and bacon pigs, dra 
genetic variations of whic n advantage in 

tai be seen at S 
ang a, Pictures and : n cities. Students can 

descriptions of the better known breeds, an 

original wild 
5, 24, 25. 


uci 
Show. ^8 th h the breeders have take 
W ese breeds. Many of these variat tock and pet 
d class discussions 
lly different P 


ing. S 


Jbrid; 
n two genetica 


ees are id Hybrid Segregates. Whe 

lf th. S contain together, the resulting offspring ( 

© hybrids rae of the genes for the characteristics of each o 
re inbred their offspring (F2) ™4Y show some 
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eas ; ition 
of both pure lines and of the hybrid parents. This is segregation. [genae c 
often occurs in breeds of stock; for example, when black m PA RET 
chickens are bred together, the offspring are blue-gray in color e URN 
which is a hybrid showing characteristics of both parents (blen ing o EHE 
But when the new breed is inbred, it does not produce all eg ue hybrids 
gray, some are black, and some are splashed white, in the ratio Hg ja É pee ae 
being the 2. Some breeds are the result of a combination o t s eve ter 
factors bred together to produce a desired type and thus may become hy 
ny characters. LN n 
T Noninherited Variations (fluctuations). Not all the variations that amer 
in animals may be passed on from one generation to another. There are i e 
are the result of environmental conditions producing in the individua 5 py 
which are not inherited. These are generally known as fluctuations. i 
examples of this sort of variations are given here. It is difficult gomenin Io o1 
how much of such differences are due to environment and how much to [eere 
In many instances the fluctuation can be seen as a modification of a he 
variation. M 
Mollusk Shells. Examine a collection of snail or other mollusk shells pes ve 
all of the same species. Some of the marine species are excellent for this en 
since they are colored in great variety. They can be arranged in a series EF mci 
and colors in the markings. In some instances there will be a definite type bene 
ing such as lines or pattern. These lines may be a definite inherent c rendi 
However, the color or extent of the coloration will vary through a wide range, 
showing variation (fluctuation). le 
[omo oe quantity of adult beetles such as the Colorado potato Hee 
or Mexican bean beetle and decide upon some dimension to be dp m 1 
example, length or width. Measure accurately these dimensions for ete 
beetles and record the number of individuals having the various lengths. n Es 
give a set of dimensional data from which a graph may be drawn, i am 
tremes, mean, and deviation. Weigh each of 50 beetles and treat in the 
manner as the dimensions. joint. 
Hair Distribution. Sclect a place on the back of the wrist just above ps Lon 
Mark off 1 sq. in. and divide it into four approximately equal parts to tac ee 
counting the hairs which it contains. Have 10 persons count these hairs, utr 
his own wrist, and note the variation in distribution. Have students make c SEE. 
with brothers and sisters and with parents and see if there is any inherited sim 
ities or whether the variation is entirely independent of heredity. : num- 
Skin and Coat Spots. If a number of leopard frogs are available notice the adil: 
ber and distribution of the skin spots. The spots of guinea pigs, Holstein puo 
dogs, and many other animals show no two individuals exactly the same even tures 
they are in the same litter. When it is impossible to see animals, good pic 
of them do very well, though they are never so satisfactory. dred 
Wing Length of Insects. If some insect is numerous, such as houseflies, a me die 
or so may be captured and the wing removed from one side of the body. ther 
lengths are measured, the same variation will be noted as for body length or 9 
dimension. E sevi 
Rate of Growth and Maturation. Review the vitamin-feeding studies as ge E 
Chap. 16. Notice the difference in the weights due to the presence or UD 
food element such as the vitamins. This is largely environmental. If insect pue 
such as caterpillars, fly maggots, or meal worms (Tenebrio), are placed nc m 
and divided into three groups one of which is kept at 15°C., one at 20 C. 


ing 0 
another at 30°C., a decided difference in the rate of the growth and maturing 
the insects will be seen. 
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PRACTICE PROBLEMS WITH PLANTS 


In the teaching of heredity the primary aim is to have the student thoroughly 
understand the principles and how they apply to himself as well as to plants and 
animals. Problems such as are given above may serve to introduce the student to 
the principles, but it is also desirable that the student be given opportunity to solve 
à sufficient number of such problems so that he will become thoroughly familiar 
With both the principles and the application. Such problems are almost universally 
solved with the use of letter symbols and the conventional circles which represent 
cells. It is a convenient method for the geneticist or the advanced student, but it is 
much too abstract for the beginner, especially when he is young and accustomed to 
thinking in terms of the concrete. The following suggestions have been used as a 
means of simplifying the subject with considerable success because they help him to 
visualize his problem and they add a great deal of interest for younger students 
beyond what is obtainable from the use of alphabetical symbols alone (Fig. 23.4). 

Garden Pea Seeds. Obtain a quantity of ordinary garden pea seeds. Note 
that some are smooth and others wrinkled, some are yellow and others are green. 

€se two sets of contrasting characters are hereditary and work out in a simple 
3:1 ratio. Seeds may be selected and glued to cards in the form of a diagram to 
illustrate what happens for three generations after crossing. Match stems may be 
Blued in as connecting lines. The finished chart would appear similar to the diagram 
shown by Fig. 23.5. The rough seeded plants, represented at extreme right of 
diagram of the F, generation, indicate a pure-line recessive carrying only potential- 
ities for wrinkling of seed coats. The two groups in the center are hybrids, similar 
to the F, generation, as shown by the Fg generation. The set of smooth seeds to 


Let Y = yellow, y * green 
Let S smooth, s = wrinkled 


g the seed coat 


evice for easily determinin 


The method of squares as a d 
‘arden peas. 
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extreme left of F, generation represents a pure line carrying the dominant 
potentiality for smoothness. This also shows that any wrinkled seed is pure 
(homozygous) but that only 33% per cent of the smooth seeds from such a cross 
may be pure. The chart in addition shows segregation in the F, and Fs generations. 
The F, generation indicates which of a set of characters is dominant and which 
is recessive. The same sort of chart may be made for yellow and green seeded 
varieties. The yellow is dominant to green. 


Dominant Recessive 


“SENS SOS SONS 908 


Fic. 23.5 The match-stick chart showing three generations. 


Variation in Castor-bean Seeds. If 1 Ib. of castor-bean seeds is obtained from ? 
seed store they will be found to show many variations as to size, shape, and color 
patterns. Many of these variations are known to be heritable. Students may ^? 
assigned to select as many types as possible from a given quantity of seeds. It 35 
possible to segregate pure lines of the particular color patterns, sizes, and shapes 
for most of the conspicuous types by using proper breeding methods. 

" Inheritance of Flower Color. The literature presents numerous problems in the 
inheritance of flower color. Many of these work out as simple Mendelian ratios En 
are desirable for classroom work. However, ordinarily it is not practical, or possib & 
to grow the plants and have them available when needed. In order to present ior 
problems in a concrete manner, without the actual living specimens, the stu ents 
may prepare artificial flowers from vegetable fiber strips or other materials for suc 
purposes available at five-and-ten-cent stores, art stores, and stationery concerns 
The dominance of blue-flowered peas over Whitesflowered peas and blending or 
incomplete dominance which results from crossing red and white four-o'clocks may 
be illustrated effectively by this method. 


PRACTICE PROBLEMS WITH ANIMALS 


These illustrations are intended merely as suggestions. The teacher wil 
see that the same kind of device may be used for a wide variety of other pro 
and other uses than those here included may be made. 


"n d er. 
Miniature Casts. The teacher obtains a number of small toy cattle, 05 been 
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the students make them as a separate project in fine arts. They may be cast in 
plaster or metal. For other problems they are colored, if desired. From a mixed 
group of these casts a pair is selected as the P, cross and then the F, or F, genera- 
tion is placed on the table. By actual manipulation the student fills in missing indi- 
viduals to complete the crosses and their offspring. Since the hornless condition is 
dominant, this is a simple problem. When the miniature cattle have been 
arranged, the student may select appropriate letter symbols and draw the cells for 
each type of individual opposite the model in order to explain what takes place 
among the genes. When completed it appears something like Fig. 23.6. This may be 
used by the teacher either as a teaching device or as a testing device. By providing 
a sheet of blank circles and a group of such miniature animals the student may be 
required to arrange the animals in correct positions and to fill in the gene composi- 
tion of the cells and gametes. Similar problems may be provided in sheep, poultry, 
mice, guinea pigs, man, etc. 

Cardboard: Models. A satisfactory substitute for the toy or model casts of the 
above problems is a cardboard cut-out model which is made so as to stand on a 
base. While not so realistic, it is more easily made and can be colored when 
necessary. Even paper picturcs laid flat upon the problem sheet are a relief from the 
purely formalized letter symbols. . / 

rtunity to manipu- 


Matchsticks. Another device that gives the student an oppo: 
late something with his hands and aids him in visualizing his problem is the use of 


e of horns and hornlessness in cattle. 


Fic. 226 The inheritanc 
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colored matches for chromosomes. Wood or paper matches with colored heads 9r 
colored sticks are cut and glued into the circles representing the cells of the un 
or the gametes, and their behavior during crossing and segregation is easily followed. 
Use circles mimeographed on sheets of paper. Match sticks of different cole 
to represent various genes. Each student is given a number of each kind of Re 
He makes P, generation cells, then separates the chromosomes into germ cells s 
recombines them into F} generation offspring, and so on. This objectifies the pro T 
lem, gives the student a chance to move the genes from individual to individual, 
and visualizes both the character and the process. 7 
Modeling Clay. The teacher will find the use of modeling clay convenient espe- 
cially in showing what happens to chromosomes in mitosis and reduction division. 
The clays come in a variety of colors and can be used over and over again. 20 
Human Problems. The importance of heredity in man should have a prominen 
place in the course. The better known traits of color blindness, baldness, feeble- 
mindedness, etc., can be done with illustrations from many sources. Marnin 
often publish advertisements in colors of family groups showing a parent or bo 
parents and a large family of children. When these are carefully examined there E 
usually a number of characters that can be observed and short papers written WI 
the picture as an illustration. One of the most illuminating studies for human 
heredity can be made by the student in his own family by having him investigate 
with the help of parents or grandparents some family trait or traits that can Ba 
traced for several generations. Thus the child can write and report upon an actua 
case which is very real to him and has a decided effect in producing a proper 


attitude concerning the significance of heredity in his own life and the lives of other 
persons, 
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The motion pictures and filmstrips described below and on the hp 
pages can be used to illustrate and supplement much of the materia * 
book. For the convenience of users, they are grouped under P t 
headings: methods of teaching, laboratory techniques, and biolog 

rinciples. . p pad : 
i The following information is given for each film: title; Mention 
motion picture (MP) or filmstrip (FS) ; primary source; year of produ! T 
and running time in minutes (min.) or frames (fr). ep erre ones 
for the names of producers and distributors are defined in the list o di a 
with addresses, at the end of the bibliography. Unless otherwise weis 
the motion pictures are 16-mm., black-and-white sound films, and the 
strips are 35-mm., black-and-white, and silent. lor state 

Jn many instances, the films can be borrowed or rented from loca wii 
16-mm. film libraries. A nationwide list of such sources is given in A ae £ 
of 3,660 16mm Film Libraries, available for $1 from the Superinten 
Documents, U.S. Government Printing Office, Washington 25, D.C. uh 

This is necessarily a selective list, and readers should consult MAC in 
Film Guide and Filmstrip Guide, standard reference catalogs aval Society 
most school, college, and public libraries; the film abstracts of the pi 
of American Bacteriologists; film reviews in the Journal of the e es 
Medical Association, collated in annual editions; and film cata a aay 
pharmaceutical companies and of state universities, such as Iowa, In 
and Washington, which have produced a number of biology films. 


METHODS OF TEACHING 3 


n 
Chalkboard Utilization (MP, McGraw, 1954, 15 min.) Demonstrates the many 
ways in which the classroom chalkboard can be effectively used in teaching- Eight 
Audiovisual Techniques and Materials (FS series, OSU, 1950-1960, color) 
filmstrips with supplementary notes, as follows: 


How to Keep Your Bulletin Board Alive (33 fr.) 
A Parade of Bulletin Boards (46 fr.) 

How to Make and Use the Felt Board (54 fr.) 
Improving the Use of the Chalkboard (44 fr.) 
Handmade Lantern Slides (51 fr.) 

The Diorama as a Teaching Aid (59 fr.) 

The Opaque Projector (46 fr.) 

A Simple Exhibit Technique (40 fr.) 
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Audio-Visual Materials in Teaching (MP, Cor, 1956, 14 min., color or b&w) 
Shows how audio-visual materials can challenge children’s attention and interests 
in the classroom and demonstrates the integration of such materials into an in- 
structional unit. 

Anatomical Models (MP, DG, 1949, 15 min.) Illustrates the production and use 
of a human torso and head model. 

Accent on Learning (MP, OSU, 1949, 30 min.) Shows the various classroom uses 
of filmstrips, lantern slides, charts, models, motion pictures, and field experiences. 

Feltboard in Teaching (MP, Wayne, 1951, 9 min., color) Suggests various uses 
Which the classroom teacher may make of the feltboard. ` 

Demonstration: A Teaching Technique (FS, Wayne, 1952, 38 fr.) Illustrates 
principles of successful demonstrations through examples in elementary school, high 
school, and college teaching. 

High Contrast Photography for Instruction (MP, Ind U, 1956, 12 min., color or 
b&w) Shows how materials are prepared for photographic reproduction on high- 
contrast film. Explains the process of making negatives and positives by this method 
for use as instructional materials, both transparent and opaque. 

How to Make Handmade Lantern Slides (MP, Ind U, 1947, 22 min. 
= ii the basic production techniques for eight types of handmade lantern 

ides, 

Increasing the Effectiveness of Tea 
1952, with disc recording, 10 min.} 
teachers. 

Making Field Trips Effective (FS, Wayne, 1952, 46 fr.) Describes techniques for 
Planning field trips and explains their values and purposes. Motivating the Class 
(MP, McGraw, 1950, 19 min.) Portrays a student teacher learning that motivation 
is basic to good teaching and is obtained by translating the values of the subject 


Matter into terms learners can understand. ; 
New Tools for Learning (MP, EBF, 1952, 19 min.) Shows how teaching films, 
used with other appropriate materials, can bring richness and greater vitality to 


teaching. 
Projecting Motion Pictures (MP, Calif U, 1951, 10 min.) Shows the relation- 
ships between the audience and the various elements in a projecting situation: seat- 


"ng, screen, loudspeaker, and projector. 


, color) 


ching with Tape Recordings (FS, MMM, 
Shows various uses of tape recordings by 


LABORATORY TECHNIQUES 


Animals for Research (MP, USA, 1958, 28 min., color) Describes the procedures 
and techniques employed in breeding disease-free animals for use in scientific re- 
Search projects, including the methods and principal factors involved in establishing 


m maintaining a disease-free colony, the techniques pclae used in 
Teeding, and i f the animals to research la cratories. 7 
g, and the transportation Oo (MP, USPHS, 1951, 19 min.) Explains 


asic Princi ical Balance 
wie uses of a Re e and shows how to find the zero point of the bal- 
ance, find its sensitivity, calibrate the weights, weigh an object, and weigh out a 
Pietermined amount of material. 
Ier of Laboratory Animals (FS, USPHS, 1953, 80 mn pM 
Tats, X end t isum oe for handling, housing, & 

r laboratory animals. ? 

12 he Centrifuge (FS, USPHS, 19. oy 331^ E 

min.) Points out some of the hazards o tion and sugges 


Peratin, 
Tj "8 procedures, 
he Collection and Shipment of Intl (Fa 


color, with 33% r.p.m. 
rabbits, mice, 


55, 86 fr., color, with disc 
f centrifuge opera 


USPHS, 1957, 70 fr., color, with 
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33V r.p.m. record, 10 min.) Shows methods of collecting, preserving, and shipping 
insects and certain other arthropods. 1 

Infectious Hazards of Bacteriological Techniques (MP, USPHS, 1951, 13 min., 
color) Demonstrates that bacteriological aerosols are produced even in such pro- 
cedures as shaking liquid cultures, transferring cultures, mixing with a pipette, an 
blending cultures. Explains ways of lessening such dangers. Five follow-up filmstrips 
describe specific dangers and protective measures. Titles are: 


The High Speed Blender (81 fr., color, 13 min.) 
The Hypodermic Syringe (95 fr., color, 12 min.) 
The Inoculating Needle (102 fr., color, 9 min.) 
The Lyophilizer (76 fr., color, 8 min.) 

The Pipette (85 fr., color, 9 min.) 


Handling and Use of Glassware (FS, USPHS, 1952, 82 fr., color, with disc record- 
ing, 3314 r.p.m., 8 min.) Explains methods and precautions to be used in handling 
glassware in a laboratory. f 

Laboratory Glassware (FS, NSC, 1948, with 3314 r.p.m. disc recording, 10 min.) 
Illustrates practices of handling glass equipment in the laboratory to avoid acciden 

A Mycological Slide Culture Technique (FS, USPHS, 1951, 36 fr., color, wit 
33% r.p.m. record, 4 min.) Shows how to grow fungi on glass slides in a moist 
chamber in order to observe the undisturbed relationship between reproductive 
Structures and mycelium. 

Preparation and Staining of Blood Films (MP, USPHS, 1946, 17 min., color) 
Iilustrates smearing and staining procedures for preparing thick and thin blood films: 
Includes technique for preparing Giemsa and Wright’s stains. 

Preparing Blood Films for Microscopical Examination (FS, USPHS, 1947, 66 ity 
color, with 33% r.p.m. record, 11 min.) Explains how to clean microscope slides 
and Prepare thick and thin blood films. , 

Using Animals in the Laboratory (FS, USPHS, 1953, 68 fr., color, with 33/5 
T.p.m. record, 10 min.) Shows methods of handling rats, hamsters, guinea pigs 


5 A ur E IR D : s 
rabbits, and chicks for such purposes as giving injections, making venous puncture? 
taking temperature, and giving medication. 


BIOLOGICAL PRINCIPLES 


The Amoeba (MP, UWF, 1948, 10 min.) Shows by microphotography and ani- 
k ] > , ; phy i 

mated drawings the structure and life functions of a aeled vec i including 
production of pseudopodia, amoeba pursuing and capturing prey, process site 
gestion, and reproduction by fission. 

Asexual Reproduction (MP, Ind U, 1954, 10 min., color or b&w) Illustrates bY 
paintings of prehistoric horses an / duction 
d ction 


p&w ) 
metes, 
Jllus- 
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results of different chromosome combinations and pictures man’s use of such vari- 
ation in developing hybrid corn and purebred cattle. 

Biography of the Unborn (MP, EBF, 1956, 16 min.) Traces the development 
of the human fetus from conception to birth. Charts, animated drawings, X rays, 
and photomicrographs show the process of fertilization, division of the cells, 
nourishment of the embryo, development of internal organs and the nervous system, 
and other developments during the gestation period. Approved by the American 
College of Surgeons. 

Budding Yeasts (Monilias) (MP, SAB, 1947, 7 min., silent) Time-lapse micro- 
photography of the process of reproduction of a pair of yeast cells. Recommended 
by the Society of American Bacteriologists. 

Cell Division and Growth (MP, Abbott, 1951, 13 min.) Some aspects of the 
techniques of time-lapse cinemicrography and its application in tumor cytology, 
with cinemicrographs of neoplastic cells. Recommended for students of medicine 
and biology by Film Reference Guide for Medicine and Allied Sciences. 

Cells and Their Functions (MP, Athena, 1950, 14 min.) Shows by photo- 
micrography and time-lapse photography the activities of a number of kinds of 
sells, including mitosis, beating cilia, blood cells engulfing bacteria, and proliferation 
of tissue, 

Characteristics of Plants and Animals (MP, Ind U, 1954, 10 min., color or b&w) 
Explains that all life comes from pre-existing life and that all living things have 
Certain characteristics in common—movement, response to stimuli, reproduction, 
and growth. Describes the basic details of plant- and animal-cell characteristics 
and the complex processes performed within these cells. Specimens used include 

orticella, Hydra, Paramecium, Micrasterias, Volvox, Elodea, and cat egg, intestine, 
ànd nerve cells. = 

Circulation of the Blood (MP, AHA, 1958, 7 min., color) Shows, by means of 
diagrammatic drawings, how the heart works and explains the structure of the 
arteries and how their expansion and contraction controls the flow of blood. 

eviewed in Am. Med. Assoc. and “highly recommended for college and high school 
Classes in biolo , physiology, and health education.” 

Crustaceans (MP, EBF. 1955, 13 min., color or b&w) Describes the appearance, 
habitat, and behavior of the fairy shrimp, cypris, crustacean plankton, barnacles, 
Crabs, shrimp lobsters, and crayfish. Explains processes of food gathering, repro- 
duction, autotomy, and molting. Discusses the crustaceans’ part in maintaining 
the balance of nature. 

Death of a Cell (MP, Squibb, 1957, 15 min.) Shows, by means of phasc-contrast 
Microscopy and time-lapse photography, the death of leucocytes through verious 
Processes and etiologies—fragmentation; cellular endema in distilled water; 
Polonium radioactivity; intoxication after ingestion of virulent bacteria; caryolysis, 
e ea and vacuolization induced by Tuis Moi and cellular aggression 

Cannibalism orphs. Reviewed in J. Am. Med. Assoc. Aa 

. Digestion Axe s EBF, 1938, 11 min.) Explains the digestive process; 
including the work performed in the mouth, stomach, and small intestines; e 
tions, enzymes, and systems affected; and the relationship of the circulatory and the 


nervous systems > 
mbryology of Human Behavior (MP, IFB, 1951, 28 min., aea mo gu 
a child grows in accordance with certain universal laws and at the ee 
develops as an individual. Traces the patterning processes of behavior. 
Y the Ameri iation of Medical Colleges. ym 
Heredity (MP, EBF, 1999, 11 Tin.) Explains schematically the tener 
ereditary factor responsible For inherited characters in animals. Describes charac 
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dominance by portraying the results of mating guinea pigs of one-unit character 
and then of two-unit characters. . : of 

Heredity in Animals (MP, UWF, 1953, 10 min.) Explains Mendel’s laws. à 
heredity and shows how inherited characteristics are handed on from gene 
to generation. Gives examples of inheritance of physical characteristics, comp'e 
and incomplete dominance, and recombination for new types. . sd 

Heredity Variations in Coleus (MP, OSU, 1949, 11 min., color) Pictures €: 
explains experiments conducted over a period of time which show the variety 
offspring derived from a coleus plant. of 

Human Reproduction (MP, McGraw, 1947, 20 min.) Portrays by means al 
animated drawings the process of human reproduction, including the poss $ 
cycle, male and female reproductive organs, fertilization of the ovum, develop 
ment of the embryo, and the process of birth. F dal 

Improving Strains of Livestock (MP, EBF, 1954, 13 min.) Describes a d 
procedures in improving strains of livestock, techniques of selecting parent ^ o of 
and examples of inbreeding and outbreeding. Identifies the pioneering roles 
Robert Bakewell and Gregor Mendel. :me-lapse 

In the Beginning (MP, USDA, 1937, 17 min.) Shows by means of time- ii 
cinematography the ovulation, fertilization, and early development of the m 
malian (rabbit) egg. 

Panis the Cell. Part 1: Enzymes of Intracellular Chemistry (MP, USA, 1949, 40 
min., color) A study of the theory of enzymes, showing by animated drawings ; 
better-known steps in glucose metabolism and portraying by live-action photogtaP 
the laboratory techniques practiced by several Nobel prize winners. NES 

Inside the Cell. Part 2: Regulation of Enzymes (MP, USA, 1952, 43 min., € tion 
Explains the factors regulating enzyme action; shows a laboratory demons 
of feeding radioactive acetate to rats; discusses the effects of drugs on euis 
the action of antimetabolites, glycolysis and Kreb's cycle; and pictures the che 
action inside a cell. icros- 

Life in a Drop of Water (MP, Cor, 1946, 11 min., color or b&w) Photom ers, 
copy of motile and nonmotile, sessile and free-living protozoa, crustacia, T° 
and hydra in a drop of water. s of 

_ Life of the Molds (MP, Pfizer, 1958, 27 min., color) Explores, by rr 
time-lapse photomicrography, the world of the molds, including their implies 2 
for modern biology. Traces the life cycle of the fungi and reveals the discove jgual 
sexual reproduction among the molds which, as noted by the Medical Audio- 


t t H bout 

Institute in its April 1958 Newsletter, “is leading to knowledge not merely ? 

the molds but about all living things." the size 
The Living Cell (MP, NET, 1955, 29 min.) Discusses and illustrates °°) nts 


shape, composition, and organization of a living cell and shows its parts. 
out'some of the differences between a plant and an animal cell. ints of 

Living or Nonliving (MP, NET, 1955, 29 min.) Presents the biologist’s pon eter" 
view on the differences between living and nonliving things through the DUE 


istics of a protoplasm. Illustrates differ 
duction, 


op ences in responsiveness, nutrition, "P d 
composition, and organization between living and nonliving organis 
points out that these differences are not always obvious and distinct. t ained 
Mitosis and Meiosis (MP, Ind U, 1954, 16 min., color or b&w) Uses " ntrast 
cells, time-lapse cinephotomicrography, and animation to compare and E 5 
the two processes. Mitosis is illustrated in onion-root tip. cells, whitefish s j 
cells, and the epidermal cells of a salamander; meiosis in lily anther cells an 
grasshopper testis cells. E 
Mollusks: Snails, Mussels, Oysters, Octopuses, and Their Relatives (Mi dis 
1955, 14 min., color or b&w) Illustrates the five classes of mollusks and th 
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tinguishing characteristics. Shows the different ways mollusks feed, their protective 
characteristics, reproduction, and favorable environmental conditions. 

The Nature of Life (MP, NET, 1955, 29 min.) Describes life as a process of 
activity, an energy system of extreme complexity that tends to be self-regulating 
and self-stabilizing. Answers some of the crucial questions about the nature of life. 

Nitrogen Cycle (MP, UWF, 1953, 14 min.) Shows the route followed by nitrogen 
in its circulation between the atmosphere and the compounds in the protoplasm 
of living organisms. Photomicrography aud cineradiology show the functions of 
root hairs associated with nodules, fungi, and bacteria. 

Osmosis (MP, EBF, 1958, 14 min., color or b&w) Uses photomicrography, time- 
lapse photography, and animation to show the inner mechanism of plants and 
explains how water is transported throughout the plant. 

Paramecium (MP, UWF, 1948, 10 min.) Shows the features of paramecium— 
pellicle, cilia, nuclei, contractile vacuoles, gullet and food vacuoles. Demonstrates 
movement of paramecium and reactions to external stimuli. 

The Physiology of Reproduction in the Rat (MP, Wash U, 1954, 20 min., color) 
Shows complete external and internal changes observed during reproductive cycle 
in the rat. Approved by American College of Surgeons. Recommended by the 
American Medical Association for use in college classes in zoology, genetics, and 
Physiology “as a rather complete presentation of the essence of reproductive 
physiology.” ; 

Pin Mold: Life Cycle of a Typical Fungus (MP, IFB, 1950, 11 min.) Uses time- 
lapse photography and microphotography to show mold growth, mucro, formation 
of sporangia, single spores, protoplasm, spore germination, plus and minus strains, 
formation of zygospore, and germination of zygospore with formation of sporangium. 

Photosynthesis (MP, UWF, 1950, 14 min.) Shows carbon dioxide entering the 
plant Structure, its conversion in chloroplasts to oxygen, carbon built into glucose, 
the necessity for chlorophyll, and the process of glucose being changed to starch. 

, Plant Survival (MP, UWF, 1949, 10 min.) Shows the protective devices used 
™ various stages of plant growth by means of close-ups of roots, seeds, buds, leaves, 
and flowers, 
rotozoa: One-celled Animals (MP, EBF, 1957, 11 min., color) Close-up ex- 
Ploration, by photomicrography, of the world of one-celled animals. Identifies 
Pseudopods, flagelettes, and ciliates and explains how they move, eat, and repro- 
uce, Provides examples of symbiosis, parasitism, and colonial organizations. 

Reproduction Among Mammals (MP, EBF, 1937, 11 min.) Describes the re- 
Productive process, using a pig as an example, including fertilization, cleavage, 
astulation, gastrulation, formation of neutral folds, development of membranes 

nd embryonic circulation, and parturition. P 

"Reptiles (MP, EBF, 1955, Ih min. color) Describes five orders of UM 
eta turtles, tuataras, crocodilians, and cal TNT a physical characteristics, 
production ing habits, and special ha itats. — i 

T'wo Galle from 147.3 NET, 1955, 29 min.) Delineates the sir 
tween reproduction and growth. With models, diagrams, and photo SERE 
eaustrates the entire process whereby the highly ee oat cp two units, 
Fach as complex ized in the same way as the parent ce 

Work of Dee Mq EBF, 1957, 13 min., color) Describes the work of blood 
in circulating food elements and other materials to all body cells, in baee 
Wastes, and in helping to fight disease and equalize heat Lan cmo Ilustra s 

e composition of blood, identifies pulmonary and systemic cire™at ti qien] 
describes the four main blood groups. Recommended by the American Medi 

Ssociation for use in high school or college biology classes. 
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MAIN SOURCES 


Abbott—Abbott Laboratories, North Chicago, Ill. 

AHA—American Heart Association, 257 W. 57th St., New York 10, N.Y. 

Athena—Athena Films, Inc., 165 W. 46th St., New York 19, N.Y. 

Calif U—University of California, Los Angeles 24, Calif. 

Cor—Coronet Films, Inc., Coronet Bldg., Chicago 1, Ill. 

DG—Denoyer-Geppert Co., 5235 Ravenswood Ave., Chicago 40, Ill. 

EBF—Encyclopaedia Britannica Films, Inc., Wilmette, Ill. 

IFB—International Film Bureau, Inc., 57 E. Jackson Blvd., Chicago, Ill. 

Ind U—Indiana University, Audio-Visual Center, Bloomington, Ind. 

McGraw—McGraw-Hill Book Company, Inc., Text-Film Dept., 330 W. 42d St, 
New York 36, N.Y. 

MMM—Minnesota Mining and Manufacturing Co., St. Paul 6, Minn. 

NET—National Educational Television, Indiana University, Bloomington, Ind. 

NSC—National Safety Council, 425 N. Michigan Ave., Chicago 11, Ill. 

OSU—Ohio State University, Teaching Aids Laboratory, Columbus, Ohio. 1 

Uem n Laboratories, Medical Film Library, 267 W. 25th St, New York ^ 

SAB—Society of American Bacteriologists, University of Pennsylvania, School of 
Medicine, Philadelphia, Pa. 

Squibb—E. R. Squibb and Sons, 745 Fifth Ave., New York 22, N.Y. 

USA—U.S. Department of the Army, Washington 25, D.C. 25, 

Mea T A Department of Agriculture, Motion Picture Service, Washington 4? 

USPHS—U.S. Public Health Service, Washington 25, D.C. 

UWF—United World Films, Inc., 1445 Park Ave., New York 29, N.Y. 

Wash U—University of Washington, Seattle, Wash. à 

Wayne—Wayne State University, Audio-Visual Materials Bureau, Detroit, Mich. 
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Page references in boldface type denote illustrations 


Abies, 233, 234 
Absorption of water by roots, 365 
Acetic acid as cement, 262 
Acetic alcohol, 301 
Acetocarmine formula, 287 
Adapter, hose, 266 
Adhesives, 262, 263 
Administration limitations, 28 
Agaricus campestris, 209, 214 
Albinism in corn, 417, 418, 419 
Albumen fixative, 303 
Alcohol, absolute, 301 
formalin-acetic acid, 300, 301 
Algae, asexual reproduction, 392 
behavior, 376, 377 
blue-green, 195, 197, 198 
collecting, culturing, and preserving, 
194, 200 
Colonial species, 377 
Breen, 197, 198, 200 
reference readings, 258 
" sexual reproduction, 400, 401 
manita, 209, 216 
moeba, culturing, 153 
Amphibia, 177, 179 
teference readings, 253 
A sexual reproduction, 411, 412 
nabaena, 196, 197 
Anacharis, 243 
Angiosperms, 235, 244 
pane groups project, 53 
nimals, enzymes in, 315 
Annelida, 156, 157 
Annotated bibliography of audiovisual 
aids, 436, 442 
Anthoceros, 222, 223 
nthracnose of bean, 205 
Antibiotics, 189 
Antiseptics and bacteria, 324 
Pical dominance, 384 
Apparatus accessories, 263, 267 
coffee cans, 267 
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Apparatus accessories, collecting, 267 
dip net, 267 
fruit jars, 267 
Apple rust, 213, 215 
Apple scab, 205, 207 
Application of principles, 19, 20 
Aquarium, balanced, 121, 127 
cement, 262, 263 
plants suitable for, 243, 244 
Anacharis, 243 
Cabomba, 243 
Elodea, 243 
Myriophyllum, 243 
Sagittaria, 243 
Vallisneria, 243 
water milfoil, 243 
unbalancing, 131 
Arborvitae, 233, 234 
Arthropods, 158, 176 
reference readings on, 254 
Asexual reproduction, in animals, 398, 
400 
in plants, 390, 398 
Ash-heap moss, 218, 219 
Asphaltum, 278 
Aspidium, 224, 225 
Asplenium, 224, 225 
Assignment, 56, 57 
Atrichum, 218, 219, 220 
Attitudes, 20, 22 
Audiovisual bibliography, 436, 442 
zolla, 227, 228 


B vitamins, deficiency, 318 

Bacteria, antibiotics, 189 
asexual reproduction, 390, 392 
clover growth, 324 
collecting, culturing. 187, 194 
culture medium, 191, 192 
general and mixed cultures, 190 
grass infusion culture, 391 
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Bacteria, iron, 193, 194 
luminous, 192 
nitrogen-fixing, 193, 324 
reference readings, 259 
sterile potato culture, 392 
suggested projects on, 325 
sulfur, 193 
temporary mounts, 287 
Basidiomycetes, 212, 213 
Beechdrops, 240, 242 
Behavior of organisms, 367-388 
animals, 367-376 
arthropods, 371-373 
coelenterates, 369-370 
man, 375 
protozoa, 367-369 
vertebrates, 373, 374-376 
worms, 370-371 
plants, 376-388 
algae, 376, 377 
Closterium, 376 
colonial species, 377 
pteridophytes, 377 
spermatophytes, 377 
Spirogyra, 376 
Benedict’s solution formula, 333n. 
Berlese funnel, 160-161 
Berry fruit types, 408 
Beyerinck’s solution, 220 
Bibliographies (see References) 
x ded d audiovisual aids, 336-442 
iological su; compani - 
n ien pp y panies, 279-280 
reference readings, 253 
sexual reproduction, 412, 413, 414 
Black knot of plum, 205, 207 ' 
Bladder fern, 225, 226 
Blood, 339-343 
structure of, 339, 340 
Blood cells, 339, 340 
for microscope, 300 
Blood fow, 340 
chick embryo, 341 
earthworm, 341, 342 
rabbit ear, 341 
in tadpole and fish, 340, 341 
vessels, 342, 343 
Blood plasma and fibrin, 339, 340 
Blood smear, 340 
Blowfly larvae, adults, 372 
Bluegrass, asexual reproduction, 396 
Boletus, 209, 217 
Bones, preparation, 184, 185 
Books, lack of, 81, 82 
selecting, kinds to buy, 82 
sources, 83 
Boston fern, 227 
Botrychium, 226, 228 


Bread mold, 204, 393, 394 
Breathing mechanics in man, 355 
Broomrape, 241 

Brown rot of plum, 205, 207 
Brownian movement, 338 

Bud types, 238, 239 

Buds, breaking of dormancy, 328 
Bulgaria, 208, 209 


Cabomba, 243 
Calcium deficiency, 320 
Camptosorus rhizophyllus, 224, 225 " 
Carbohydrate food and enzymes, in an! 
mals, 314 
in plants, 320 
Carbohydrate oxidation, 354 á 
Carbon dioxide, effects of small amounts, 
309 
in photosynthesis, 308 
Carbon tetrachloride bottle, 159 
Cardboard models for heredity, 433 E 
Carrot for demonstrating diffusion, 3 
Cassette, 141 
Catharinea, 218, 219, 220 
Cell division, meiosis, 286 
mitosis, 284, 285 
reduction division, 286 
Cellulose acetate, 278-303 
Centimeter rule, 270 
Cestoda, 155 
Charts (see Visual aids) 2 NAI 
Cheese skipper, sexual reproduction, 
Chestnut blight, 205, 208 
Chimaeras, ben d - 
Chlamydomonas, 197, 
hlora kora in red-leafed plants, 308 
starch manufacture, 307 
Chloroform bottle, 158 
Chlorophyll formation, 312 
Chloroplasts, preparations fo! 
294 " 
Chlorzinc iodide formula, 303 
Christmas fern, 224, 225 
Chromotography, 143-147 
amino acids, 145 
demonstrations, 144-147 
paper, 144 
separation of pigments, 146 
Circulatory organs, 342-344 
heart, 342-343 
veins, 343 
Cladocera, 174, 175 
Cladonia cristatella, 210, 211 
Cladophora, 197, 201 
Cladosporium carpophilum, 205, 
Clams, 157 
Claviceps purpurea, 205, 208 


r microscope 


208, 219 


Closterium, bi i 
» beha 
ne ferns, ri a = 
oa mosses, 231, 232 
root of cabba 
29; generator, 963^ MM 
eased, from animals 
1 , 351 
: from plants, 350, 351 ids 
č it for, 345 
obalt chlori i 
ol vapor, 360 paper for measuring water 
noe and ploidy, 425 
mre cause of leaf fall, 378 
pom of stem in dark, 380, 381 
h sen of blade position, 379 
Bap duh preserving, 151 
piena, $16,210 dst 
ottetotri, bs 
Collodion, 278 lindemuthianum, 205, 212 
ollodion bags, 332 
Alles make, 332n. 
i : 
: 238 eyes, microscopic appearance, 
poem, 233, 234, 235 
noce phalum, 222, 223 
Lon of soil and water, 130, 131 
Reston projects, 127-132 
e t-water-level device, 264 
op. sion tables, 272, 273 
eprinus, 50g e 
See root, 241, 242 
Bi curet, 109, 110 
Ge (Gladiolus), 396 
p rien of roots, 387 
mola forms, 229 
He) types of, 25, 35 
e and economic, 33 
e rphological, 32 
is Inciples, 33, 34 
v fsh, 174, 175 
ii Pee 174, 175 
ng, collecti i 
Up fun ollecting, and preserving. 151 
Curicutun: Core | 
anide |o trends in, 106-117 
anide bottle, 159 
ype 284 ' 
Viton 233, 234 
eris bulbifera, 225, 226 


Dea, 
D th angel, 209, 216 


clafi 
D, eld's h 5 
D onitrations zs aa n 301 

ns as problems, 41-43 


part 
D. "tmentalizati 
piimids, aüglization, 106-108 


Astase 
in dig extraction of, 320 


estion of starch, 320 
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Diatoms, 200 
Diets, vitamin-deficient, 318-320 
Diffusion, bags to demonstrate, 332 
carrot and potato, 334 
demonstras through membranes, 
331 j 
digestive tract, 335 
frog-skin boot, 335 
movements of molecules, 330 
as osmosis, 332 
in plant tissues, 333 
Digestion, and nutrition and growth, 314 
deficiencies, 322, 323 
of starch by diastase, 320 
of sugar by sucrase, 321 
Digestive tract, structure and movements, 
315 
Dissecting needles, 276 
Dissecting pans, 277 
Dodder, 241, 242 
Domesticated plants and their products, 
project, 138, 139 
Dominance, apical, 384 
in mice, 420 
in poultry, 421 
Dormancy, breaking of, 328 
Downy mildew, 207, 393, 394 
Dragonfly nymph, 371 
Draparnaldia, 197, 199 
Drills, 277 
Drosophila, cultures, 421, 422 
sex comb, 
Dry objects for microscope, 298 
225 


Dryopteris, 224, 
Dump, equipment from, 264-266 


Earth star mushroom, 209 
156, 157 


Earthworms, 
behavior of, 370, 371 
response, to chemicals, 3 

to contact, 
to electricity, 3 
to light, 371 

Ecological situation, society as, 4-9 


Ecology, of lim 


70, 371 


ited area, 1 


project on, 
teaching plan, 47, 48 
Education, biological, 3-11 
= g6- 
Um anaria, 370, 


Electric current. response of pl 


Electrical devices, 268, 269 


heating, 2' 
aes: light, 268 
reversing switch, 
thermostats, 

Elodea, 243 
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Elongation in roots and stems, 325 
Embalming, 185 
Embalming fluid, 185 
Embedding, in plastics, 274 
of tissues, 295 
Embryo chick demonstration, 413, 414 
Embryo guinea pig demonstration, 414 
Embryo mouse demonstration, 414 
Embryo rabbit demonstration, 414 
Energy in germinating seeds, 353 
Energy transfer and transformation of 
energy, 353 
Enzymes, in animals, 314 
chart of, 316 
extraction of, 315 
Epidermis, leaf preparation, 290 
Epithelium, 298 
Equipment from dump, 264-266 
Equisetum, 228, 231 
Ergot of rye, 205, 208 
Euglena, culturing, 154 
Evaluation program, 60-76 
basis for, 60 
starting, 65-70 
types of examinations, 60-65 
Examinations, types of, 61-65 
essay, 61-62 
objective, 62-64 
subjective, 61, 64-65 


F.A.A. (formalin-acetic acid alcohol), 
300, 301 


Fast green (F.C.F.), 302 
Fat, oxidation, 354 
tissue preparation, 296 
Feathers for microscope, 300 
Fehling's solution formula, 333. 
Fermentation, acetic acid, 354 
alcohol formation, 354 
Ferns, 224, 225-233 
gametophytes, 229 
moss, 219, 221 
and seed plants, 255 
sexual reproduction, 401-403 
sperm, 377 
spore dispersal, 289 
Fibers, textile, for microscope use, 294 
Fibrin, blood, 339-340 
Field project, 134—137 
Fir, 233, 234 
Fish, collecting, preserving, 176, 177 
radioisotope experiments with, 140-143 
reference readings, 253 
Fixative, albumen, 303 
Fixing-agent formulas, 300, 301 
absolute alcohol, 301 
acetic alcohol, 301 


Fixing-agent formulas, formalin-acetic 
kad alcohol (F.A.A.), 300, 301 
Transeau’s algae, 301 
Flask holder, 277 
Flatworms, parasitic, 155 
Floating fern, 227, 228 
color inheritance, 432, 433 
forms, 339 
opening and closing, 388 
parts, 404 
types, 339 
Pia aois, in animals, 429, 430 
in plants, 428, 429 j 
Flukes, 155 
Fly larvae growth, 317 
Fomes, 209, 217 f 
Food, carbohydrate, 314 
and enzymes, 315 
Fossils, 186, 187 
reference readings, 260 t 
Freezing mixtures, 274 
Frog, behavior, 373 
pithed, 374 
sexual reproduction, 411, 412 | 
tadpole, 373 
Frog-skin boot for diffusion, 335 
Fruit-fly reproduction, 409 
Fruit types, 240 i 
Fruits, structure, 406, 407, 408 8 
types, 406, 407, 408 | 
Fuligo, 201-203 | 
Funaria, 218, 219 
Fungi, 258 
Actinomyces scabies, 205, 212 
Alternaria solani, 205, 212 
ascomycetes, 206-210 
basidiomycetes, 212, 213 
bread mold, 393, 394 
disease-forming, 250 | 
downy mildew, 393, 394 
fleshy, 250 
herbaria, 250 
imperfect, 212 
lichens, 250 i 
phycomycetes, 204-206 
slime molds, 250 
water mold, 393, 394 


Gametophyte, fern, 229, 230 
Garden peas, heredity, 431 

Geaster, 209 

Generator, COs, 263 

Germination of seeds, 405, 406 
Ginkgo, 233, 234 

Gladiolus corm, 396 

Glochidia of mussel for microscope, 
Gloeocapsa, 196-197, 198 


298 


Gloeotrichia, 195, 197 
Glycerin jelly, formula, 303 
preparations, 292, 293 
Goatsbeard lichen, 211, 212 
Grafting, 395-397 
methods of, 397 
Gram’s stain for bacteria, 288 
Grape fern, 226, 228 
Graphis, 211 
Grass, Kentucky blue, asexual reproduc- 
tion, 396 
Growth, and digestion and nutrition, 314 
fly larvae, 317 
and length of day, 327 
Growth regions of roots and stems, 325 
Guinea pig embryo, 414 
Guppies, sexual reproduction, 412 
Guttation and root pressure, 364, 365 
Gymnosperms, 233, 234, 235 
Gymnosporangium macropus, 213, 215 


Hair, feathers, scales for microscope, 300 
cart beat, apparatus to show, 343, 344 
changing rate, 343, 344 

Heating device, 268 
€ctograph, home-made formula, 269 
ematoxylin, aqueous, 302 
Delafield’s, 301 

Hemlock, 233, 234 
erbarium, algae collections, 250 
fungi, 250 
leaves and prints, 250, 251 
methods and materials, 244-249 
moss and liverworts, 249 
Preparation of specimens, 244-252 
Creditary variations in animals, hybrid, 

429, 430 

mutations, 429 
eredity, 417-435 

and environment, 419, 420 
Problems (see Problems) 
Ole cutter, 277 
ormones, gibberellins, 382 

In seedless fruits, 382 

ìn vegetative multiplication, 382 
orsetails, 228, 231 

epidermis preparation, 291 
"man heredity problems, 434 
ybrid F; gencration, 427 
Ybrid resistance, 428 
ybrid vigor, 427 
Rude in animals, 429, 430 

v asexual reproduction, 339 
Jdrodictyon, 197, 199 


Imbibition, 337 
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Incubator for chick eggs, 413 
Indian pipe, 241, 242 
Individual differences, 10, 11 
Indoctrination, 5-7 
Inflorescence types, 239, 240 
Information, acquisition of, 12-13 
Injecting into circulatory system, 186 
Ink-cap mushroom, 209, 217 
Insects, 158-174 
aquatic forms, 161, 162 
compound eyes, 298 
in flowers, 164 
fruits and vegetables, 164, 165 
in ground, 164 
as household pests, 166, 167, 168 
on leaves and stems, 161-163 
mounts and boxes, 173, 174 
pinning methods, 171, 172, 173 
shrubs and trees, 161 
that capture prey, 166, 167 
that feed on carrion, 166, 167 
that live within other animals, 169 
Integrated course, 109, 110, 111 
Intelligence levels, 7-10 
Invertebrates, reference readings, 254 
Iodine solution, 302 
for starch test, 303 
Iris response, 375 
Iron bacteria, 193, 194 
Isopods, 174, 175 


Juniper, 233, 234 


Killing bottles, 158, 159 
Knop’s solution, 220 


Laboratory aids, 262, 281 
Lantern slides, 274, 275 
Latrix, 233, 234 


' Leaf cuttings, 397, 398 


Sansevieria, 385 
Leaves, arrangement, 237 

attachment, 237 

colors, 251 

compound, 237 

epidermis, 290 

fall of, 377 

margins, 236 

modifications, 238 

pigments, 311 

prints, 251 f 

region of expansion, 326 

sectioning and staining, 296 

skeletons, 251 


structure and photosynthesis, 309 
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Leaves, tips and bases, 236, 237 
types, 235, 236 
venation, 237 
Length of day, effects of, 327 
Leptobryum pyriforme, 219, 221 
Lichens, 210, 211, 212 
herbarium, 250 
Light in formation of chlorophyll, 312 
Light trap for insects, 160 
Lime carbonate, 345 
Lime water, 345 
Liverworts, 222, 223 
and mosses, reference readings, 257 
Loeffler’s methylene blue, 302 
Lugol's iodine solution, 302 
Luminous bacteria, 192 
Lycogala, 201, 202, 203 
Lycoperdon, 209, 216 
Lycopodium, 231, 232 


Maceration of tissue, 291 
Maceration solution, 303 
Mad-dog lichen, 210, 211 
Magnification table, 273 
Mammals, 181, 182 
reference readings, 252 
sexual reproduction, 414 
study project, 414-415 
Manometers, 271 
Mapping an area, 134 
Marchantia, 222 
Marginal shield fern, 224, 225 
Marine life, 259 
Marsilea, 227, 228 
Materials and equipment, 77-85 
inexpensive substitutes for, 77-79 
living and preserved, 79, 80 
Mealworm, beetle larvae, 373 
sexual reproduction, 410, 411 
Measuring bottle, 272 
Measuring devices, 270, 271, 272 
Measurements, complete, and diagnostic 
questions, 70-73 
Meiosis, 286 
Membranes, diffusion through, 331 
liquids as, 331 
permeable, 331 
rubber and CO», 331 
Methylene blue, 302 
Mice, heredity, 420 
Microcosm, preparation of, 15 
as teaching project, 15-19 
Microscope, magnifications, 282 
measuring with, 282 
preparations for, 282-304 
shield for, 369 
Microscope light, 268 


Microscope magnification table, 273 
Microsphaera alni, 205, 206 
Microtome, hand, 343 
Mineral salts, deficiencies, 322, 323 
demonstration, 322 
effect on plant growth, 322 
Miniature casts for hercdity, 433, 434 
Mites and ticks, 175, 176 
Mitosis, preparations for, 384 
Mnium, 219, 220 
Modeling clay in heredity, 434 
Models, cardboard, for heredity, 433 
(See also Visual aids) í 
Modified stems, as asexual reproduction; 
395, 396 
grafting, 396, 397 
Mollusks, clams, 157 
snails, 157 
Morchella (morel), 208, 209 
Mosses, 217-221 
and liverworts, herbarium, 249 
sexual reproduction, 401, 402 
Motion pictures (see Visual aids) 
Mounting media, 283 
Mounts, for displays, 274, 275 
mites, 298 
small insects, 298 
ticks, 298 
Mouse embryo, 414 
Movements, protoplasmic, 284 216 
Museum demonstration mounts, 275, 
Mushrooms, 208, 209 
Mutations, in animals, 429 
in plants, 424, 425 
Mycetozoa (Myxomycetes), 201 
Myriophyllum, 243 
Myxomycetes (Mycetozoa) , 201 


Nematodes, 155, 156 
Nephrolepsis exaltata, 227 
Nerve-muscle response, 374, 375 
Nets, collecting, 159, 160 
Nitrogen-fixing bacteria, 193 

and growth of plants, 324 
Nonhereditary variations, beans, 

corn, 428 

beetles, 430 

cottonwood tree, 429 

hair distribution, 430 

honey locust, 429 

mollusk shells, 430 

rate of growth, 430 

Sassafras, 429 

skin and coat spots, 430 

wing length in insects, 430 
Nutrition (see Digestion) 
Nuts, fruit types, 409 


peas: 


Objectives of teaching, 12-24 
application of principles, 19, 20 
attitudes, 20, 22 
scientific thinking, 14 
Oedogonium, 197, 201 
Onion bulb, modified stem, 396 
Onoclea sensibilis, 225, 226 
Origin of new potentialities, 423, 424, 
425 
Oscillatoria, 196, 197 
mat formation, 376 
Overpopulation, 5, 131 
Oxidation, of carbohydrate or fat, 354 
and results, 345-356 
ignition of matches, 346 
Oxidation test for COs, 345 
Oxygen consumption, by germinating 
_ Seeds, 346, 348 
in respiration, 346 
Oxygen supply, effects of insufficient, 347 


Paper folds, 159, 160 
Paraffin, embedded tissues, 295 
gum mastic, 304 
trough for protozoa, 368 
Parafilm, 262 
aramecium, asexual reproduction, 399 
culturing, 398, 399 
Parasitic seed plants, 240-242 
Parmelia, 210, 211 
Peach, leaf curl, 205, 206 
scab, 205, 208 
Peas in heredity, 431 
Peat moss, 218, 219 
Pellia, 222, 223 
Peltigera, 210, 211 
Penicilin (downy mildew), 207, 393, 
Peristalsis, 316 
P ermeability, changing, in beet, 336 
diferential, 331 
plant tissues, 336 
Petroleum jelly, 279 
Peziza, 208, 209 
phenol-Bismarck brown Y or G, 302 
hloroglucin, 303 
loxine, 302 
Otography, reference readings, 260 
eo empirical formula, 305- 


Necessity for COs, 308 
Tate affected by CO», 309 
release of oxygen, 311 
enum. culturing, 203 
a en; 210, 211 
rd 233, 234 
*8eon wheat moss, 221 
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Pigments, leaf, extraction, 311 
Pinning methods, insect, 171, 172, 173 
Pinus, 233, 234 
Plan, teaching, 45-49 
modified text, 50-52 
psychological, 48-50 
text-frec, 52-55 
types of, 46 
Planaria, 154, 155 
behavior, 370, 371 
regeneration, 399, 400 
Plasma, blood, 339, 340 
Plasmodiophora brassicae, 204, 205 
Plasmolysis, water loss from cells, 337 
Plastic embedding, 274 
Pleurococcus (see Protococcus) 
Plowrightia morbosa, 205, 207 
Polarity of vegetative organs, 395 
Pollen tube preparation, 289 
Polyploidy, 423, 424, 428 
Polypodium virginianum, 224 
Polyporus, 209, 217 
Polystichum acrostichoides, 219, 221, 224, 
225 
Populations, 5 
Porella, 222, 223 
Potato, for demonstrating diffusion, 334 
early blight, 205 
scab, 205, 212 
tuber as modified stem, 396 
Potometer, 359 
Powdery mildew, lilac, 205, 206 
willow, 205, 206 
Presentation methods, 36-45 
demonstration-discussion, 39 
laboratory, 38 
problem-project, 39, 40 
textbook-recitation, 36-38 
Preserving, culturing, and collecting, 151 
Pretest, 29 
Principles, induction and application of, 
19, 20 
Problems, demonstration, 41-43 
heredity, 431-434 
in animals, 420, 421, 432-434 
human, 434 
in plants, 417-420, 431-432 
Progress rating and analysis, 70 
Projects, on conservation of soil and 
water, 130, 131 
on domesticated plants, 138, 139 
on ecology and conservation, 127 
examples of, 121, 150 
integrated, 110-112, 113, 114 
of limited area, 134-137 
on radiation biology, 139-143 
on succession, 133 
Protease in plants, 322 
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Protein digestion by protease, 322 
Protein food in plants, 322 
Protococcus, 199 

asexual reproduction, 392, 394 
Protoplasmic movements, 284 
Protozoa, asexual reproduction, 398, 399 

Euglena, 368 

for microscope, 297 

mixed culture, 152, 153 

paraffin trough, 368 

paramecium, 369 

pure culture, 153, 154 

responses to light, 367-369 
Pteridophytes, 224, 225-233 
Pteris longifolia, 225, 226 
Puccinia graminis, 212, 213, 215 
Puccinia sorghii, 213 
Puffball, 209, 216 
Pumps, faucet, 266 

reagent bottle, 266 
Pupil interest, 29, 30 
Pure line, how selected, in Drosophila, 

423 
in mice, 420, 421: 


Questionnaire, 68 


Rabbit embryo, 414 
Radiated-seeds experiment, 143 
Radiation-biology project, 139-143 
Radiation-equipment sources, 143 
Radioisotope methods, 140-143 
autoradiograph, 141, 142 
Rat embryo, 414 
Ratio, 3:1, 417, 418, 420 
9:3:3:1, 419, 4 
Razor, section, 278 
Readings, general references, 260 
Reagents, acid cleaner, 302 
preparation of, 300-304 
Record chart, student, 74 
Red cedar, 233, 234 
Reduction division, 286 
References, algae, 258 
amphibia, 253 
arthropods, 254 
bacteria, 259 
birds, 253 
ferns and seed plants, 255 
fishes, 253 
fossils, 260 
fungi, 258 
invertebrates, general, 254 
liverworts and mosses, 257 
mammals, 252 
marine life, 259 


References, photography, 260 
reading, general, 260 
reptiles and amphibia, 253 
vertebrates, general, 252 
Regeneration, in animals, 399, 400 
crayfish, 400 
earthworm, 400 
lizard, 400 
Planaria, 399, 400 
starfish, 400 
Relative humidity table, 273 
Relaxing chamber, 160, 174 
Reliability, 73 
Reproduction, 390-416 
and length of day, 327 
Reptiles, 179, 180 " 253 
and amphibia, reference readings, 
Respiration, 345-356 
and loss of weight, 352, 353 0 
Respiration apparatus, 348, 349, 350, 
354 


as transfer of energy, 353 
Responses, of eye and nostril, 374 
humidity, 372 
inverted image, 375 
iris, 375 
knee jerk, 376 
of organisms, 367-388 
scratch, 374 
tactile, 375 
temperature, 376 
Reversible switch, 268 
Rhizopus nigricans, 204 
Ricciocarpus, 222, 223 
Rivularia and Glosotrichia, 195, 196, 
197 
Root cuttings, 397, 398 
Root hairs, location, 326 
moisture and, 327 
zone migration, 326 
Root and stem sections, 296 
Roots, absorption of water, 365 
elongation, 325 
gutation, 364 
Pressure, 364, 365 
types, 239 
oundworms, parasitic, 155, 156 
Rubber cement, 262 


Safranine X, 207 
Sagittaria, 243 1 411, 
Salamander, sexual reproduction, 
412 

Salts deficiencies, 322, 323 
Salvinia, 227, 228 
Sansevieria trifaciata, 424 

leaf cuttings, 385 


feuis trifaciata, mutations, 424, 
ploidy, 424, 425 
Safrolegnia, 204, 393, 394 
Scales, preparation for microscope, 300 
Scales for weighing, 270, 271 
Scalpels, 277 
Scenedesmus, 197, 198 
Scharlach R (safranine Y), 302 
Scientific method, 13-19 
steps in, 14 
Sclerotinia fructiginia, 205, 207 
Scoring and recording, 73, 74 
Sealing mixture (paraffin-gum), 304 
Sealing-wax formula, 263 
Sectioning and staining of leaves, 296 
Sections, of dried wood, 295 
freehand, for microscope, 294 
stem and root, 296 
Seed plants, 233-244 
sexual reproduction, 403, 404-407 
Seedless fruits, 428 
Seeds, dormancy, 406 
germination, 405, 406 
types, 405 
Segmented worms, 156, 157 
Segregation, in corn, 418 
in drosophila, 422 
in mice, 420 
Selaginella, 231, 232 
Sensitive plant (Mimosa), 
383 
Sex comb, 422 
Sexual expression in plants, 240 
Sexual reproduction, in animals, am- 
phibia, 411, 412 
birds, 412-414, 413 
Cheese skipper, 411 
fruit fly, 409 
guppies (fish), 412 
mammals, 414 
man, 414, 415 
mealworm, 410, 411 
wax moth, 410 
. snail, 408 
in plants, 400-408 
algae, 400, 401 
ferns, 401-403 
mosses, 401, 402 
seed plants, 403, 404—409 
Shellac, 279 
Silicones, 279 
iphon, automatic, 263 
Skin cells, 298 
ins, preservative for, 184 
$ Stuffing, 182 
aldea microscope, 275 
ides, how to label, 274 


responses, 
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Slides, lantern, 274, 275 
microscope box, 275 
Slime molds, 201, 202, 203 
Smut, corn, 214, 215 
loose, of oats, 214, 215 
of wheat, 214, 215 
Snails, 157 
sexual reproduction, 408 
Sowbug, 174, 175 
Space, lack of, 80, 81 
Spermatophytes, 233-244 
behavior, 377 
Sphagnum, 218, 219 
Spiders, 175 
Spirogyra, 197, 199 
behavior, 376 
sexual reproduction, 401 
Spleenwort, 224, 225 
Sponge material for microscope, 298 
Sponge mushroom, 208, 209 
Sponges, fresh-water, 154 
Spores and pollen grains, temporary 
mounts, 288 
Spring balance, 270, 271 
Spruce, 233, 234 
Squares, method of, 431 
Squawroot, 242, 243 
Staining of leaves, 296 
Stains, Belling's iron acetocarmine, 301 
Delafield's hematoxylin, 301 
Starch, digestion and extraction of, 320 
disappearance from green leaves, 
308 
manufacture of, 307 
necessity of light, 308 
in plant tissues, 306 
test for, 306 
Stem characters, 238, 239 
Stem cuttings, 397, 398 
Stem types, 238 
Stemonitis, 201, 202, 203 
Stems, elongation, 325 
growth in dark, 380, 381 
Sterilizers, 267 
Stomata, entrance of COs through, 310 
escape of gases through, 9310  ' 
anism of movement, 361 


ments, 361, 362 
on for microscope, 


mech: 
Stomatal move 
Stored food preparati 
290 
Subject matter, amount of, 26 
kinds of, 27 
sequence. 30-32 
Substitutes for stan 
aquaria, 
battery jars, 26 
beakers, 26 
culture jars, 269 


dard glassware, 
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Substitutes for standard glassware, finger 
bowls, 269 

museum jars, 269 

watch glasses, 269 

wide-mouth bottles, 269 
Succession project, 133 
Sucrase digestion of sugar, 321 
Sudan II (Scharlach R), 302 
Sugar, digestion of, 320 
Sulfur bacteria, 193 
Supply companies, 279, 280 
Sweet potato roots, 385, 386 


Tables, transformation, 272, 273 
Tadpole, behavior, 373 
Tamarack, 233, 234 
Tapeworms, 155 

preparation for microscope, 298 
Taxidermy, 182-185 

bird, 182-184 

small mammal, 182, 183 

supplies needed, 184 
Taxodium, 233, 234 
Taxus, 233, 234 
"Teaching plan, making of, 45-59 
Temperature conversion table, 273 
Temperature response, blowflies, 372 

man, 376 
"Terrarium, 230 

Wardian case, 276 
pir lea, for materials in tissues, 
Test-tube rack, 277, 278 
Tests, Pretest, 29 

retest, 67 

self-, 69 
Tetraploidy, 426 
Text, how to choose, 97-105 
Thermostats, 269 
Thuidium delicatulum, 219, 221 
Thuja, 233, 234 
Ticks, 175, 176 
Tissue, maceration of, 291 

paraffin embedding, 295 
Toad, sexual reproduction, 411, 412 
Toadflax (bastard), 241 
Tools, 276, 277 

dissecting needles, 276 

dissecting pans, 277 

drills, 277 

flask holder, 277 

hole cutter, 277 

scalpel, 277 

section razor, 278 

test-tube rack, 277, 278 
Transformation tables, 272, 273 
Transition (succession) Project, 133 


Transpiration, potometer for measuring, 
359 

rise of water in stems, 358 
Trap, bird, 178 

cockroach, 168 

figure-four, 178 

fish, 178 

light, 160 
Trematoda, 155 
Triploid hybrids, 428 
Tsuga, 233, 234 
Turbellaria, 154, 155 
Turgidity, leaves, 362 

plant tissues, 336 


Uncinula salicis, 205, 206 " 
Understandings derived from biology, 2: 
23 
Urnula, 208, 209 
Usnea, 211, 212 
Ustilago, avenae, 214, 215 
tritici, 214, 215 
zea, 214, 215 


Vallisneria, 243 

Valves, of heart, 342 
of veins, 343 

Variations, animals, 429, 430 
castor beans, 432 8 
nonheritable, beans, corn, peas, 42 
plants, 423-429 

Vaucheria, 197, 201 


Vegetable multiplication, gibberellins, 
382 

and use of hormones, 382 " fot 

Venetian turpentine preparations 


microscope, 292 
Venturia inaequalis, 205, 207 
Vertebrates, 176-186 
reference readings, 252 
Visual aids, bibliography, 436-442 
biological principles, 438 
laboratory technics, 437 
methods of teaching, 436 
sources of materials, 442 
essential qualities, 89-92 
accuracy, 90 
comprchensibility, 91 
interest, 91 
relevancy, 90 
use and misuse, 92, 93 
Visual education, 86-95 
Vitamin B deficiency, 318 
Vitamin C deficiency, 317 
Vitamins, charts on growth, 319 
importance of, 317 


Walking fern, 224, 225, 226 
Wardian case, 230, 276 
Water as product of oxygen, 345 
Water conduction path, 362, 363 
Water fleas, 174, 175 
Water-holding capacity of leaves, 
358 
Water milfoil, 243 
Water mold, 204 
Water relations of plants, 357-366 
conducting vessels, 363, 364 
how it rises in stems, 358 
mass movements, 363 
Water vapor, 357 
cobalt chloride paper, 358 
loss and formation, 357 
Waterproofing, 278, 279 
asphaltum, 278 
cellulose acetate, 278 
collodion, 278 
paraffin, 278, 279 
petroleum jelly, 279 
shellac, 279 
silicones, 279 
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Wax moth, sexual reproduction, 410 
Wheat response to light, 388 
White blister, 205, 206 
Wood sectioning for microscope, 295 
Workbooks, 103 
Worms, cestodes (tapeworms), 155 
flukes (trematodes), 155 
parasitic, 155 
planaria, 154, 155 
responses of, 155 
segmented, 156, 157 
Wright's stain, 302 


Xanthophyll, 311 


Yeast, asexual reproduction, 394 
Yew, 233, 234 


Zamia, 235 
Zea mays, reaction of roots, 387 


Zygnema, 197, 199 
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METHODS AND MATERIALS FOR 
TEACHING THE BIOLOGICAL SCIENCES, 2/e 


By DAVID F. MILLER and GLENN W. BLAYDES, 
both of Ohio State University ` f 


This revised edition retains the general plan and the sequence 
of materials of the first edition. The two divisions: Part ] on 
classroom methods and principles, and Part || on suggestions of 
materials and how to use them in teaching, have proved very 
useful to teachers. The logical arrangement and grouping ob 
suggestions under subject-matter heads, and the simple expla- 
nations of how to prepare and use materials—as well as where 
to get them—nhave been outstanding features of the first edition, 
and are retained in the new. Included are new culture methods, 


new discussions of antibiotics, new material on plant hormones ` 
two new experiments and demonstrations, and new ` 


(auxins), 2 
data on the origin of new, heritable potentialities in. plants. 


Sansevieria trifasciata, with seven mutants, are illustrated by 
photographs. The text also contains a new list of motion picture 
sources and a completely revised list of supply houses and 
sources of materials.^^ í 
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